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ABSTRACT 


Specific and consistent means of achieving long-term or perma- 
nent survival of allografted organs remains an elusive goal. The 
experimental induction of allograft tolerance has been studied most 
extensively in mice with skin grafts, in rats with renal allografts and 
in larger outbred species with a variety of organs. Experiments in 
outbred species are often difficult to interpret and the advantages of 
the defined histocompatibility systems in the mouse and rat are evident. 
Rat renal allografts are, however, technically difficult and time 
consuming, and the inordinate ease with which kidney survival may be 
obtained across the Ag-B locus, make general conclusions suspect. Skin 
allografts are, on the other hand, technically simple but are difficult 
to evaluate functionally. They contain numerous cell types, including 
lymphocytes, and, exposed as they are to the microbial environment, 
may become infected and valueless in the presence of irradiation or 
other non-specific forms of immunosuppression. 

For these reasons transplantation immunity and tolerance have 
been studied in the mouse, using fetal cardiac allografts. Fetal 
hearts removed from Balb/c mothers after 16-18 days gestation were 
transplanted into the subcutaneous ear tissue of syngeneic or allogeneic 
(CBA) adult mice. Evaluation by electrocardiography and visual obser- 
vation of pulsatile activity permitted precise functional assessment 


of graft survival. While syngeneic grafts survived indefinitely, 
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allogeneic grafts (Balb/c>CBA) were rejected within seven days and 
repeat grafts elicited an anamnestic response. Histologic evidence of 
graft rejection occurred later than functional death, as did peak 

levels of humoral cytotoxic antibody. Spleen cells removed from heart 
allografted animals at varying periods after transplantation were tested 
tn vitro for their ability to effect cell mediated killer activity. 
Single heart allografts did not engender sufficient host cellular 
immunity to produce significant release of °!Cr from radiolabelled 
Balb/c tumor cells in vitro. 

Permanent survival of Balb/c cardiac allografts in adult CBA 
hosts was produced in several ways. It was found that lethally 
irradiated (950R), heart allografted mice reconstituted with syngeneic 
bone marrow would reject an allograft heart within four to five weeks. 
Reconstitution was subsequently performed with stem cell rich fractions 
of spleen and bone marrow, derived by velocity sedimentation cell 
separation techniques. Reconstitution of irradiated allografted 
animals with stem cell rich fractions of spleen, but not bone marrow, — 
produced smal] but consistent numbers of animals bearing functional 
allografts beyond 12 weeks. Further, if mice reconstituted with 
syngeneic marrow were treated within the first few weeks post— 
irradiation with heterologous or homologous antisera or the gamma 
globulin fraction thereof, immunosuppression was obtained. Depending 
on the treatment, variable numbers of animals retained functional 
allografts 12 weeks post-grafting. Such animals, not subject to 


continuing immunosuppression, did not subsequently reject their allo- 
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grafts and were considered tolerant.* 

Spleen cells from tolerant animals were fully immunocompetent 
and, in vitro, could be sensitized in the presence of graft alloantigens 
(Balb/c tumor cells) to effect subsequent killer activity. This 
Suggested that a serum factor(s) or cell prevented immune expression of 
potential antigen recognition in vivo. Sera from tolerant animals were, 
accordingly, added to allograft type (Balb/c) fibroblast monolayers 
subjected to CBA-spleen killer cell attack. Tolerant serum did not 
prevent the immune destruction of fibroblasts by sensitized cells. 

Small numbers of lymph node cells (2-10x10°) removed from tolerant 
animals did, however, consistently transfer tolerance when injected 
into syngeneic irradiated allografted mice reconstituted with whole 


bone marrow. 


*Allograft tolerance in this thesis therefore considered as an oper- 
ational term, not necessarily descriptive of a unique mechanism for 
allograft survival. 
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PREFACE 


The subject of this thesis relates to a matter of increasing 
biolgical and clinical interest, that of producing specific host unre- 
sponsiveness or tolerance to a foreign graft. The very large body of 
knowledge pertinent to this topic is difficult, indeed, to summarize 
with satisfaction. The first chapter of this text attempts, neverthe- 
less, to document certain relevant concepts and experimental data in 
this regard. The second chapter provides a detailed description of 
the materials and methods encountered throughout the text so that, in 
the interests of the reader, subsequent brief mention will suffice. 
The remaining chapters constitute the "benchwork" of the thesis; each 
has been constructed individually as a study in depth of one aspect of 
the major work. The concluding chapter details summarily the percep- 
tions of this research, proposes further avenues of investigation and 
attempts to reconcile this particular endeavor within the context of 
major inquiry into the development of transplantation tolerance. The 
appendix contains data which have emerged, in branch fashion, from the 


trunk of the thesis effort. 
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CHAPTER I 


STUDIES IN TRANSPLANTATION TOLERANCE - AN OVERVIEW 


A. Introduction 


Clinical organ transplantation has achieved remarkable success 
in recent years. Transfer of a kidney from either a living related 
donor or a cadaver to a patient with end stage renal disease has now 
become an accepted therapeutic measure. As the technical problems in 
transplantation surgery become ever less burdensome, it is clear that 
the immune response of a patient to a foreign graft persists as the 
major obstacle preventing widespread allotransplantation therapy of a 
variety of diseases. The immunologic factors important in allograft 
acceptance appear to be threefold and include proper donor selection, 
effective immunosuppression and the induction of immunological toler- 
ance. The benefit of histocompatibility between donor and recipient 
is indicated by several analyses of the results of tissue typing in 
renal allograft patients (Patel, Mickey et al, 1968; Festenstein, Sachs 
et al, 1971). As more antigenic groups and immune response genetic 
loci are identified, however, the probability of finding fully com- 
patible donor recipient pairs will diminish. In the unrelated cadaver 
donor situation a residue of histoincompatibility must be neutralized, 
either by immunosuppression or the induction of tolerance. The immuno- 
suppressive agents now in use, however, are non-selective and seriously 


impair host resistance to the microbial environment, suppress vigilant 
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r. 
immunologic surveillance mechanisms and are associated with unique 
toxicity problems. 

The induction of specific graft directed tolerance is thus the 
ultimate goal of the transplantation biologist. This chapter will 
briefly survey significant work in this regard, describe in some detail 
laboratory systems which permit the induction of specific unresponsive- 
ness both tn vtvo and tn vitro, and conclude with speculations which 


determined the subsequent research described in this text. 


B. Antigen Recognition and the Origin of 
Immunocompetent Cells 


1. The Lymphocyte, the Spearhead of Immune Defence 


The lymphoid system constitutes a specific adaptive mechanism 
whereby confrontation with an extrinsic antigenic molecule provokes 
lymphocytes to discriminate between "self" and "foreign" and leads to 
the production of antibody forming cells and/or specific "killer" cells 
capable of destroying foreign tissue on direct contact. Only a small 
proportion of lymphoid cells are genetically committed to react against 
a given antigenic specificity (Burnet, 1959), and Medawar (1960) has 
defined an immunocompetent cell as one capable of recognizing antigen. 
Once activated by antigen, these cells enlarge, divide and differentiate 
into a population of pyronin positive cells which eventually give rise 
to further small lymphocytes (Gowans, McGregor et aZ, 1962). In the 
case of foreign graft tissue, this progeny of specifically sensitized 
lymphocytes is concerned with the actual destruction of the transplant 


(cell-mediated immunity). Other responses are expressed through 
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circulating antibodies derived from descendents of another class of 
lymphocytes which have, through differentiation and multiplication, 
developed the intracellular machinery necessary for antibody production 
(humoral immunity). The end point of this process is the antibody 
secreting plasma cell. 

Certain lymphocytes develop within the thymus and are termed 
T cells, while others differentiate within bone marrow, independent 
of thymic influence, and are designated as B cells. For most, but not 
all antigens the cooperation of these two cell types is necessary for 
an antibody response (Miller and Mitchell, 1969; Davies, 1969; Claman 
and Chaperon, 1969; Taylor, 1969). T cells evidently serve in a helper 
capacity in presenting antigen to relevant B cells, which are the 
immediate precursors of antibody forming cells (Nossal, Cunningham 
et al, 1968). Other T cells become specifically activated upon contact 
with antigen and are the effector cells in cell-mediated immunity 
(Cerottini, Nordin et aZ, 1970; Miller, Brunner et aZ, 1971). Neonatal 
thymectomy thus greatly depresses both cell-mediated immunity and 
humoral immunity to those antigens which require T-B cell cooperation 
(Miller, 1961; Miller and Osoba, 1967). Certain antigens do not require 
T cell help and humoral immunity in these instances remains intact 
following thymectomy (Miller and Osoba, 1967). These considerations 
are schematically represented in Figure 1. 

To initiate the events leading to either humoral antibody 
production or specifically sensitized "killer" cells, immunocompetent 
cells must be triggered by foreign ane structures, either soluble 


antigens or antigenic determinants on cell surfaces. What are the 
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Figure 1 Development of specialized T (thymus derived) 
and B (bone marrow derived) lymphocytes and 
their relationship to cellular and humoral 
immunity. 
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entities on lymphoid cells capable of discriminating between "self" 
and "nonself" and how does this recognition operate? The lymphocyte 
surface can be regarded as a switchboard from which signals are 
transmitted into the cell interior. Signals originate from molecular 
structures termed antigen recognition sites, which are sterically 
complementary to the structure of antigen molecules. In the case of 

B cells, these recognition sites are of monomeric immunoglobulin IgM 
in character and are probably identical in basic structure with anti- 
body. Helper T cells also appear to have specific surface receptors 
for antigen but T cell surface antibody is not readily demonstrable 
and differs from that found on B cells both qualitatively and quan- 
titatively (Greaves and Hogg, 1971). There is evidence, however, that 
immunoglobulin light chains form a part of the T cell receptor for 
antigen. Antilight chain sera pretreatment of T cells can inhibit 

the specific “irradiation suicide" of such cells subsequently incu- 
bated with 1251 labelled antigen (Basten, Miller et aZ, 1971). Cooper 
and Ada (1972) have also reported that antilight chain sera could 
inhibit the suicide of T cells involved in delayed type hypersensi- 


tivity reactions. 


2. Origin of the Immunocompetent Cell 


What is the origin of lymphoid cells capable of recognizing 
a particular antigen and how is this potential generated? All cells 
of the hematopoietic and lymphoid systems are derived from self 
perpetuating bone marrow stem cells. Grafting of bone marrow into an 
animal which has received lethal x-irradiation (with consequent 


destruction of its own hematopoietic tissue) is a life saving 
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procedure. Indeed, repopulation studies of Ford (1966), Micklem, Ford 
et al, (1966) and Globerson and Auerbach (1967) showed that bone 
marrow has the capacity to recolonize not only bone marrow, but also 
the thymus and peripheral lymphoid tissues. Further studies by Wu, 
Till et al (1968) demonstrated that single stem cells were capable of 
differentiation along lymphoid, erythroid, granulocytic and megakaryo- 
cytic lines. 

It is evident that somewhere along the developmental pathway, 
from a few precursor cells (Figure 2) to the immensely large pool of 
specific immunocompetent cells in the lymphoid system, there occurs a 
critical phase during which the lymphocyte acquires the capacity to 
recognize a particular antigen and becomes immunocompetent. Since 
there are, at the very least, several thousand antigenic structures and 
each lymphocyte recognizes only one antigenic specificity, we are 
faced with the problem that a single lymphocyte precursor must bear 
genetic information for the synthesis of several thousand different 
recognition sites. The hypothesis of Burnet (1959) has provided an 
answer to the dilemma. A limited number of genes undergo random 
somatic mutation during lymphopoiesis. The large number of mutant 
lymphocytes produced in this way are each genetically capable of 
recognizing a specific antigen. The potential for synthesis of 
recognition sites complementary to a given antigen then becomes the 
property of a single clone of cells. (This theory is known as the 
"clonal selection theory of immunity".) A single lymphoid precursor 
cell should thus generate a population of cells with gradually 


diversifying artigen recognition specificities. Yung, Wyn-Evans et al 
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Figure 2 The origin of immunocompetent cells. A, B, C 
and D are immunocompetent cells belonging to 
different cell clones. Each clone possesses 
recognition sites specific for only one antigen. 


b= specific antigen interacting with an immuno- 
competent cell. 
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(1973) have, in fact, monitored the ontogenic development of 
immunocompetent cells in the mouse, and have found that a full antigen 
recognition spectrum is expressed within 20 days of clonal expansion 


from a single embryonic stem cell. 


C. Specific Suppression of the Immune Response 


ds Immunological Tolerance 


a. Self tolerance 

Immunological tolerance has been defined by Dresser and 
Mitchison (1968) as a state of partial or complete incapacity to 
respond to an immunogenic stimulus brought about by prior contact with 
antigen. The best example of this immunological unresponsiveness is 
the tolerant state we maintain toward our own body constituents. 
Attention was first directed to this phenomenon by Owen in 1945, who 
observed that dizygotic cattle twins are generally chimeric with 
respect to their red blood cell types due to sychorial placental 
anastomosis, which would permit free exchange of fetal blood <n utero. 
Burnet and Fenner (1949) postulated shortly thereafter that a function 
of the lymphoreticuloendothelial system during embryonic life was to 
distinguish self from nonself constituents. Consequently, the presen- 
tation of foreign material to the developing embryo before it has 
learned to make this distinction would engender a specific lack of 
reactivity to this antigen. Experiments of Billingham, Brent et aZ 
(1954), confirmed this interpretation. Skin grafts were permanently 
accepted between different inbred strains of mice if graft recipients 


were inoculated tn utero with living donor spleen or kidney cells. The 
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period during which tolerance may be induced during ontogeny of the 
immune system varies according to species, the tolerance responsive 
period extending several weeks after birth in rats (Woodruff and 
Simpson, 1955), while sheep embryos become immunocompetent well before 
parturition (Schinkell and Ferguson, 1953). 

The role of the thymus in the induction and maintenance of the 
tolerant state has not yet been unequivocally established, but it is 
clearly important. Burnet (1962) suggested that one of the thymic 
functions was either the elimination or inactivation of self reactive 
clones. Antigens presented to the thymus would, therefore, be 
recognized as "self" and not subject to immune attack. In accord with 
this concept, a number of investigators (Staples, Gery et al, 1966; 
Isakovic, Smith et al, 1965; Taylor, 1969) have been able to produce 
tolerance by direct intrathymic injection of antigens. The importance 
of this data is unclear since antigen specific tolerance can be induced 
in adult thymectomized animals (Mitchison, 1967) and the thymus does 
contain small numbers of lymphocytes capable of initiating an immune 
response (Mitchell and Miller, 1968). The suggestion is, therefore, 
that mature immunocompetent lymphocytes represent target cells in toler- 
ance induction and that the thymus is not the only site available 


for this interaction. 


2. Methods of Inducing Tolerance In Vivo 


In experiments involving extrinsic antigens, several factors 
have been found important for tolerance induction. The route of antigen 
administration is important, for example, and tolerance is induced more 


easily following intravenous administration of the antigen rather than 
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subcutaneous, intradermal or intraperitoneal injection. The experiments 
of Triplett (1962) have suggested, moreover, that the permanent pres- 
ence of antigen is necessary for the maintenance of tolerance. This is 
true probably because immunocompetent cells are generated throughout 
life and may replace tolerant cells unless they are rendered unrespon- 
Sive themselves. 

Ever since the experiments of Smith and Bridges (1958), two 
factors have been found critically important in tolerance induction: 
concentration and the molecular structure of the antigen used. For 
many antigens, there exist two distinct zones of concentration which 
can induce melerances a high and a low dosage zone, while intermediate 
concentrations provoke an immune response. This phenomenon has been 
characterized in experiments done with bovine serum albumin in adult 
mice and rabbits (Mitchison, 1964; Thorbecke and Benacerraf, 1967) and 
with the Salmonella flagellar antigens in rats (Shellam and Nossal, 
1968; Ada and Parish, 1968). Immunological tolerance corresponding 
to these two zones has been defined as high zone and low zone tolerance. 

The molecular state of most antigens is of paramount importance 
in determining the capacity to induce tolerance. Dresser (1962), for 
example, showed that monomeric (deaggregated) human gamma globulin, 
when injected into certain strains of mice rendered them unresponsive 
to subsequent injections of the aggregated human gamma globulin, a 
potent immunogen. Parish, Wistar et aZ (1969) have reported the 
isolation of fragments of cyanogen bromide treated flagellin (mol wt 
40,000) of Salmonella adelaide. One of the fragments (Fragment "A", 


mol wt 18,000) retains the main antigenic activity of flagellin and 
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11 
induces tolerance but not immunity to flagellin when injected repeat- 
edly at a particular dose level. Antigens may, therefore, exhibit 
tolerogenic or immunogenic qualities when administered in vivo. Since 
tolerogens can be converted into immunogens by nonspecific means such 
as by mixing them with adjuvants, Dresser (1963) has suggested that 
immunogenic antigens have properties called "“adjuvanticity", which, in 
the case of the bovine gamma globulin system, could be separated as 
aggregated material. 

Tolerance to normally immunogenic substances can be induced in 
adult animals by administration of the antigen along with x-irradiation, 
immunosuppressive treatment (including antilymphocyte globulin) and by 
mechanical lymphocyte depletion (thoracic duct cannulation). Tolerance 
induction and immunity, though alternative effects at the single cell 
level, often coincide in adult animals. A balance between the two 
phenomena can apparently swing toward tolerance induction by nonspecific 
removal of immunocompetent cells. This situation is most akin to that of 
the developing fetus: apparently a stage of immunocompetence most suscep- 
tible for tolerance induction during which stem cells proliferate and 
differentiate into mature lymphoid elements. Mitchison (1967) has 
shown that the threshold of antigen concentration for induction of 
tolerance under such conditions was 10°°M for several different anti- 
gens. It has been calculated, moreover, that the dose of antigen per 
kilogram of body weight necessary to induce tolerance in an adult irra- 
diated animal is comparable to that required in the neonate (Smith, 1961). 


As for potential clinical use, antilymphocyte serum as a means 


of immunosuppression during tolerance induction has been favored over 


x-irradiation for obvious reasons. For instance, rabbit anti-mouse 
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antilymphocyte serum produces prolonged and profound lymphopenia and 
grossly deficient immune reactivity when injected into mice. Animals 
treated in this manner can be rendered tolerant to transplantation anti- 
gens of another mouse strain by injecting them with allogeneic spleen 
cells, similar to the phenomenon described in the neonate (Billingham 
and Brent, 1957). Recipients will then specifically retain skin grafts 
of the donor spleen cell strain. Since, as discussed earlier, thymec- 
tomy results in immunologic deficiency, tolerance is most easily induced 
by treatment of adult thymectomized mice with antilymphocyte serum prior 
to the administration of the tolerance inducing spleen cells (Monaco, 
Wood et aZ, 1965). Adult thymectomized ALS-treated mice rendered 
tolerant by large doses of allogeneic lymphoid cells exhibit stable 
lymphoid chimerism (Monaco, Wood et aZ, 1966) and a long-standing tol- 
erance. In contrast, non-thymectomized mice rendered tolerant by ALS 
treatment accompanied with donor marrow infusion do not demonstrate 
long-standing lymphoid cell chimerism and the tolerant state is of 


short duration (Wood, Gozzo et al, 1972). 


a. Are both T and B cells involved in tolerance? 

From the studies of Chiller, Habicht et aZ (1970), it appears 
that both B and T cells can be rendered tolerant. Neither thymus nor 
bone marrow cells from A/J mice injected three weeks previously with 
tolerogenic human gamma globulin could, with their normal counterpart, 
reconstitute secondary irradiated syngeneic recipients. With extrinsic 
proteins, both Mitchison (1971) and Rajewsky (1971) have found that 
the response of mice which exhibited low zone tolerance could be 


restored with the transfer of activated T cells but that high zone 
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13 
induced tolerance was unaffected. High zone tolerance may thus be due 
to specific inactivation of both T and B cells with low zone tolerance 
induction dependent only on T cell inactivation. In agreement with 
this, Chiller, Habicht et aZ (1971) have found that T cells could be 
rendered tolerant in vivo to human gamma globulin with concentrations 
of antigen far too low to specifically inactivate B cells. 

Studies on tolerance induction tn vivo have not answered the 
fundamental question as to the fate of the tolerant cell. Irreversible 
inactivation or cell death has been regarded as most consistent with 
current immunologic data but there is recent alternative evidence which, 
in fact, considers at least certain types of immunological tolerance as 
an active state of cell repression rather than elimination (McCullagh, 
1970a,b; 1972). Normal syngeneic lymphocytes could not restore immune 
reactivity when transferred to hosts tolerant to sheep erythrocytes and 
were, indeed, rendered unresponsive themselves. Allogeneic lymphocytes 
exposed to tolerant lymphocytes could, however, restore the immune re- 
sponse suggesting an "“unmasking" of immunocompetent cells. In accord 
with this concept Gershon, Cohen et aZ (1972) have found T cells capable 
of specific immunosuppression. Nisbet (1971) has produced tolerance by 
parabiotic union of parental and F, mice and has been able to selectively 
transfer tolerance by injecting large numbers of tolerant thoracic duct 
lymphocytes or spleen cells into neonatal recipients, subsequently given 


a skin graft. 


ve Antibody Mediated Enhancement and the Immune Response 


The presence of humoral antibodies directed toward graft antigens 


can sometimes facilitate the growth of foreign tumor cells which 
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would normally be rejected (Kaliss, 1956; 1958). Enhancing antibodies 
can be raised in response to normal immunization procedures (active 
enhancement) or the sera of animals previously exposed to tumor antigens 
may be Perey administered to second graft recipients (passive 
enhancement). Kaliss (1956), for example, showed that serum from tumor 
bearing mice would promote tumor growth in secondary hosts if - 
administered up to one week before or after the tumor inoculum. 

Although initial work on enhancement involved allografted tumors in 
rodents, the phenomenon has become relevant as a means of specifically 
facilitating the survival of allografted organs. Three main possibil- 


- ities have been proposed as mechanisms by which enhancement may work: 


a. Afferent blockage 

Graft directed antibodies may cover antigenic determinants 
on foreign cells, thereby preventing activation of relevant immuno- 
competent cells (Uhr and Méller, 1968). For example, Snell, Winn et al 
(1960) studied the lymph nodes draining the site of an allogeneic 
tumor. If mice were injected with hyperimmune antitumor antiserum 
before the tumor was transplanted, the lymph nodes were less reactive 
to the tumor thereafter, suggesting that the antiserum had, indeed, 
covered tumor cell antigens. On the other hand, several workers 
(Terres and Wolins, 1961; Segre and Kaeberle, 1962) have demonstrated 
that specific antibody administered together with antigen may increase 
rather than diminish antigen immunogenicity. Similarly, Diener and 
Feldmann (1970) showed that polymerized flagellin from the bacterium 


Salmonella adelatde in the presence of antibody excess displayed an 
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tn vitro immune response comparable to controls stimulated with antigen 
alone. Uhr and Baumann (1961) in work with the tetanus toxoid antigen, 
could inhibit an antitetanus response with antibody, but with a 
quantity of antitoxin sufficient to cover only a small fraction of | 
antigenic sites on the administered toxoid. Haughton and Nash (1969) 
provided further evidence against peripheral enhancement. The number 
of antibody molecules necessary to cover the antigenic sites of 

5x108 sheep erythrocytes was 100 fold greater than that needed to 
Suppress the immune response. Tumor allografts, moreover, can be 
enhanced by administration of antiserum at the time of peak rejection 
response (Kaliss, 1958) and, as shown by Moller (1965), smaller doses 
of antiserum were generally more effective than large doses in 
promoting tumor growth. Enhancing antiserum, moreover, suppressed 

the lymphocytosis accompanying allograft tumor immunity, in cases 

where surgical excision of tumor was ineffective (Takasugi and 


Hildemann, 1969). 


b. Central immunosuppression 

Humoral antibodies may act directly on immunocompetent cells 
to specifically decrease immunological reactivity. This has been 
demonstrated convincingly by Amos, Cohen et aZ (1970) using a 
transplantable mouse tumor. Tumor cells were incubated with antiserum, 
washed free of excess serum, and then mixed with lymphoid cells from 
mice sensitized against the tumor. When these lymphoid cells were 
added to fresh tumor cells and injected into recipient mice, tumor 


growth was enhanced. Control experiments with lymphoid cells exposed 
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to tumor and nonimmune serum, failed to facilitate tumor growth. The 
work of Rowley, Fitch et al (1969a,b) is confirmatory and suggests 
that antibody may directly reduce the number of immunocompetent cells 


initially responsive to antigen. 


c. Efferent enhancement 

Humoral antibodies bound to the surface antigens of foreign 
cells considered as targets, conceivably protect such cells from the 
killing activity of sensitized lymphocytes. The first clear demon- 
stration of efferent enhancement was given by Moller (1963) who 
grafted two identical homologous tumors simultaneously into the same 
nonsensitized mouse. One graft had been exposed in vitro to specific 
antiserum and this showed enhanced growth; the second, untreated graft 
was rejected in normal fashion. Further support for efferent blockage 
has been given by the recent work of the Hellstroms. In tumor systems, 
sera of animals (Hellstrém and Hellstrom, 1969; Hellstrtém, Evans et atl, 
1969; Hellstrom, Hellstrém et aZ, 1970a) or patients (Hellstrom, 
Hellstrom et aZ, 1970b) bearing antigenically distinct tumors were shown 
to contain a factor that specifically inhibited the tm vivo antitumor 
activity of lymphocytes from the tumor bearer or lymphocytes from 
specifically sensitized animals. Similarly, the sera from female mice 
mated with allogeneic males inhibited the in vitro activity of lympho- 
cytes sensitized to paternal strain tissue (Hellstrom, Hellstrom et at, 
1969). A serum factor that abrogated the activity of sensitized 
lymphocytes has been demonstrated in chimeric dogs and mice (Hellstrom, 


Hellstrom et aZ, 1970c; Hellstrom, Hellstrom et aZ, 1971) and renal 
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allografted humans (Quadracci, Hellstrom et aZ, 1971; Hellstrom and 
Hellstrom, 1972a). 

Although the initial proposal (Hellstrom and Hellstrom, 1970) 
was that the serum factor inhibiting the tn vitro activity of sensi- 
tized lymphocytes was an antibody which combined with antigens on 
the target cell surface (efferent enhancement), a central form of 
immunosuppression was later postulated (Hellstrom and Hellstrom, 1971) 
for the so-called "blocking antibody". Ingenious experiments of 
Sjogren, Hellstrom et aZ (1971) indicated that blocking antibody might, 
in fact, be a complex of antigen and antibody. 

Enhancing sera from mouse sarcomas were absorbed by tumor cells, 
which were spun down and resuspended in buffer. After mixing in buffer 
for one hour, tumor cells were discarded and the supernatant was passed 
through an ultrafilter which would retain molecules of molecular 
weight greater than 100,000. The filtrate was then passed through a 
second filter capable of retaining molecules of molecular weight 
greater than 10,000. Only a 1:1 combination of the material retained 
by the two filters optimally prevented lymphocyte mediated lysis of 
target cells, and neither of the two fractions alone were fully 
ijmmunosuppressive. It was suggested that the two components separated 
by the molecular filters may have represented antigen and antibody and 
that uniting these two had led to blocking antigen-antibody complexes. 
This interpretation is supported by other experiments, in particular 
the work of Stuart and colleagues (Stuart, Saitoh et aZ, 1968; 

Stuart, Bastien et aZ, 1970). Rat F, hybrid kidneys were grafted to 


parental strain animals. Graft recipients were inaculated with spleen 
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cells of graft donor type in combination with homologous antiserum 
directed against graft alloantigens. Maximal allograft enhancement 
was achieved only when antiserum treatment was combined with the 
administration of donor spleen cells and, with this regimen, permanent 
survival of the transplanted kidneys was obtained in many recipients. 
French and Batchelor (1969) transplanted allogeneic (F, to 
parent) rat kidneys in similar manner, but could enhance graft survival 
with passive administration of graft directed antiserum alone. It 
is possible however, that graft derived antigen itself may have 
permitted antigen-antibody complex formation. Enhanced graft survival 
has been obtained, moreover, in transplantation of skin, kidneys or 
cardiac allografts in several laboratory species by injection of donor 
blood or blood elements at different intervals before and after grafting 
(Halasz, 1963; Marino and Benaim, 1958; Halasz, Orloff et al, 1964; 
Marquet, Heystek et aZ, 1971). Since the antibody response to rat 
renal allografts is not abrogated by passive administration of graft 
directed antisera (Lucas, Markley et aZ, 1970), donor blood may indeed 
provide a ready source of antigen for complex formation with antibody. 
In the tumor cell system of Amos, Cohen et aZ (1970), described above, 
a similar combination of tumor cell antigen and specific antibody 
exposed to lymphocytes suppressed their ability to kill new cells. The 
combination of tumor plus antibody was more effective than exposure to 
either tumor or antibody alone. These studies were facilitated by 
a tissue culture system which allowed the maintenance of dispersed mouse 
lymphoid cells tn vittro. 


The concept of serum mediated blocking factors preventing the 
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expression of cell mediated immunity is now firmly established in 

tumor and graft systems. The relationship of this phenomenon to the 
induction of neonatal tolerance or to normal self tolerance is not 
clear. There is, however, recent evidence that mice may react against 
antigens present on their normal (brain) cells tn vitro, and expression 
of such induced cell mediated immunity is prevented by blocking factors 
present in normal sera (Hellstrém and Hellstrém, 1972b). This evidently 
contradicts the classic explanation for both neonatally induced 
tolerance and normal tolerance to self antigens, whereby lymphoid 
clones genetically capable of immune reactivity are eliminated during 
embryonic development. 

A new concept in specific immunosuppression emanates from the 
work of Ramseier and Lindenmann (1972). Their work in the field of 
acquired tolerance may be relevant to self tolerance between lymphocytes. 
Antibodies can be raised against specific antigen receptors present 
on lymphoid cells, in their notation termed anti-RS, where RS signifies 
recognition structure. The specificity of these antibodies has been 
demonstrated in the following way. F, hybrid mice were immunized with 
repeated small doses of parental lymphoid cells, testing the subsequent 
serum for antibodies to histocompatibility antigens. They reasoned 
that F; cells would not bear receptors for either parental cell types 
but that parental cells themselves would bear receptors for the other 
parent. This parental recognition site directed toward the other 
parental lymphocyte would be the only unique structure that F, progeny 
could recognize and produce antibody against. The presence of these 


anti-RS antibodies has been demonstrated in several situations. The 
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most convincing finding was the ability of anti-RS sera to inhibit 
graft-versus-host reactions (Joller, 1972). These anti-RS sera did 
not, however, inhibit mixed lymphocyte culture reactions. The relation 
of anti-RS sera to blocking factor is not yet clear but may conceivably 


be important, especially in transplantation of lymphoid tissues. 


4. In Vitro Manipulation of the Immune Response 


a. Tolerance induction tn vittro 

The abundant tn vivo data relative to immunoregulative mechanisms 
have led to a number of interpretations which are conceptually dis- 
turbing. This has prompted experimentation by Diener and colleagues 
in an attempt to clarify the role, at the cellular level, of free 
antibody and of antigen-antibody complexes in immune suppression. 
Experiments were done on dispersed lymphocytes from mouse spleen which 
were kept alive using a tissue culture system devised by Marbrook 
(1967) (Figure 3). Spleen cells in an adequate medium were placed in 
a cylindrical tube closed off at the bottom by a dialysis membrane. 
This tube was then placed in an Erlenmeyer-type flask containing 
sufficient tissue culture medium to equal the fluid level of the cell 
suspension in the inner cylinder. Cultures were maintained in a 
humidified incubator at 37°C with a constant flow of a gas mixture 
consisting of C05, 05 and N, (Mishell and Dutton, 1967). Direct 
interaction of splenic lymphocytes with antigen and/or antibody was 
thus permitted. Use was made of the H (flagellar) antigens of 
Salmonella adelaide (Ada, Nossal et aZ, 1964) which may be obtained 


in three different forms: polymerized flagellin (POL; mol wt nx40,000), 


tidide!t of aware 2f-Tine Yo yitlide att paw on tbat? pafontvnos Jem 
sige 28-tine seont .(S8el .yeliol) eaotiaaag J8on-2uzvev-32098 = A 

‘tsisy ofl .enohtosey swwalus afysodamy! bexta Itdtdat  Tavewod fon 
feviomoo yen tud qe8lo toy ton ef s6908) petocid ap wpe i-t3ne 9 | 
‘iodgay! %o nettetos'qrasd ni yf istoeqee .instrogal oF 


> 

senoge9h enue! off to molget a 
cvs ve sk nohtoubmt sonerel aT rr 

. evits/uesionunm® Qo eviteten eted outa ob sirohrwds aiid 
sono7 we dotdy anthimneratadat Yo Sedan of bef 


t 


= 
™ 


s 


is rs08'G ve_neltesosmiaqes bargeing a etaT pate 
i. (‘te 
ove! yurulted odd 26 potot ate yibtels of saomeTi t “7 


> 


(ue snumet at 2exefenos ybod $ns-ns0 firs Yo bos ybodtias . 

if Oo mov) eedyoodgny? baewsget> oo sndk svew etaonia x3 

(4d vetvsh wadeve eiwiluo suezt? 6 onfay evils dage og 

raw mw iben «feypabs os al 2ffen agefe? .{6 sxupth) (X8ef) 
snovdnen eheylsth 6 yd motjed sd3-t6 Ve bezoly edus Iaotabattys 
on finfsivos Aes! sqy?-vevennels9 as wf bs0nTq madd cow sdus AINE 
set 


ffao of% to fevel biw!* aft (suce oF muibom etugtiuo auezts a 
Yiet Heaiaeetes Seer arte, -sesit fe enat sit nt aotem 


- a APs = 
pears 7 ,  taasenes: £- 


Dix® 


io oth jones 


Figure 3 Tissue Culture Flask: Dispersed mouse spleen 
cells are suspended in tissue culture medium 
inside an internal tube. The bottom end of 
the tube is closed off by a dialysis membrane 
and permits passage of nutrients from the 
reservoir across the membrane. 
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monomeric flagellin (MON; mol wt 40,000) and Fragment "A" (mol wt 
18,000), isolated from the cyanogen bromide digest of flagellin 
(Parish, Wistar et aZ, 1969). All three forms of the flagellar antigen 
share antigenic specificites but they express different degrees of 
immunogenicity and tolerogenicity tn vivo and even more so in vttro. 

In initial experiments, CBA mouse spleen cell suspensions were 
cultured in vitro for four days in the presence of polymerized flagellin 
(POL), monomeric flagellin (MON) and Fragment "A". Following the 
culture period, cells were harvested and the number of antibody forming 
cells (AFC) was determined (Diener, 1968). The degree of immunogenicity 
correlated with the molecular weight of the antigen: POL was the 
strongest immungen, MON was intermediate in effect, and Fragment "A" 
was virtually nonimmunogenic (Diener and Feldmann, 1970). The effect 
of increasing concentrations of POL on the primary in vitro response 
was studied (Diener and Armstrong, 1967; 1969). CBA mouse spleen cells 
were cultured for four days in the presence of varying concentrations 
of POL. To control for antigen specificity, immunogenic concentrations 
of antigens different from Salmonella adelaide were added to the same 
cultures. It was found that a mere tenfold increase in POL concen- 
tration would convert an optimal zn vittro immune response to virtually 
complete unresponsiveness. This phenomenon of antigen induced unrespon- 
Siveness in vitro fulfilled the criterion of tolerance since it was 
antigen specific as indicated by the normal response to unrelated anti- 
gens and furthermore, could be transferred to lethally x-irradiated 
recipients (Armstrong and Diener, 1969). 


The unresponsiveness induced zn vitro with supraimmunogenic 
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concentrations of POL appeared analogous to the phenomenon of tn vivo 
high zone tolerance referred to earlier. Because of the antigen dose 
relationship for tolerance induction, it had been suggested that 

the direct interaction of immunocompetent cells with more than a 

critical number of antigen molecules results in tolerance. The quality 
of the antigen POL, with available smaller antigenic units (MON and 
Fragment "A") prompted Diener and Feldmann (1970) to test this hypothesis. 
When CBA spleen cells were incubated in tissue culture with variable 

dose ranges of MON or Fragment "A" for six hours and were subsequently 
challenged with an immunogenic concentration of POL, MON proved signif- 
icantly less effective in its tolerance inducing capacity than POL, while 
Fragment "A", an excellent tolerogen tn vivo, entirely failed to induce 
tolerance within the wide concentration range tested tn vitro. The 
conclusion was that non-polymeric antigens such as Fragment "A" must 
require a mediating mechanism not present in tissue culture. Antigens 
such as POL, bearing repeated antigenic determinants, however could 
become attached securely to the cell surface by virtue of a serial 
combination of repeated identical antigenic determinants with a large 
number of recognition sites randomly arrayed over the cell surface 
(Diener and Paetkau, 1972). Indeed the studies of Feldmann (1971) using 
the dinitropheny] group (DNP) conjugated to Salmonella flagellin polymer, 
conclusively demonstrated that at least two groups per monomeric unit 

of flagellin were required for this hapten-carrier unit to be tolero- 
genic. In other words, high hapten or ligand density permits closely 
spaced bonding to antigen sensitive receptors on the surface of the 


immunocompetent cell. Since, in contrast to the above in vttro studies, 
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monomeric antigens most easily induce specific unresponsiveness in vivo 
(Ada and Parish, 1968) it was reasoned that (1) microanatomical or 

(2) humoral factors were operative in the intact animal but absent under 
conditions of cell culture. 

Studies of Dresser and Mitchison (1968) in adult animals, and 
Sterz] and Trnka (1957), and Sterz1 (1966) in newborns had detected 
transient antibody production tn vivo followed by an unresponsive 
state. This work suggested that the relevant humoral factor might 
indeed be antibody which could facilitate the mechanism proposed for 
POL by interlinking MON antigenic units. Given that the recognition 
antibody structures on the cell participate in this framework, the 
analogy becomes complete since cell surface recognition sites could 
become interlinked to the extent required for tolerance induction. 
Thus a lattice of antigen and antibody could build up at the surface 
of immunocompetent cells. The degree of linearity of such a complex 
would be determined by the molar ratio of antigen to antibody. The 
conditions for the formation of linear antigen-antibody complexes 
(simulating the linear structure of POL) occur most readily under 
conditions of slight antigen excess (Pauling, 1940). 

These hypothetical considerations (Diener and Feldmann, 1970) 
are illustrated schematically in Figure 4 and proved verifiable in 
culture. Spleen cells were cultured with MON or Fragment "A" and 
various dilutions of specific hyperimmune antiserum for six hours 
and were subsequently challenged with an immunogenic concentration of 
POL. As predicted (Figure 5) there was a distinct antigen-antibody 


concentration ratio which rendered immunocompetent lymphoid cells 
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Figure 4 Schematic drawing illustrating different ways of inter- 
action on the cell surface between antigen or antigen 
and antibody, with antigen recognition sites. 


(a) Attachment to the recognition sites of a polymeric 
antigen. 

(b) Attachment to the recognition sites of a monomeric 
antigen. 

(c) Attachment to the recognition sites of a monomeric 
antigen in the presence of specific antibody. 


Note: In situation (a) and (c) antigen-recognition sites 
become interlinked by the antigen alone or by antigen- 
antibody complexes, respectively. 
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Induction of tolerance to an immunogenic concentration of 
polymer of S. adelaide flagellin (POL) in vttro in the 
presence of varying concentrations of specific antibody. 
Spleen cells were incubated zn vitro for 6 hours in the 
presence of antigen and antibody, followed by challenge 
tn vittro for 4 days with POL. Each value represents the 
mean of 8 cultures +S.E.M. 


Anti-POL: Antibody to polymerized flagellin. 

AFC: Antibody forming cells. 

@ Preincubation with POL and anti-POL followed by culture 
with POL. 

O Preincubation with sheep erythrocytes followed by culture 
with the same antigen. 


Data reproduced with permission from J Exp Med (Diener & 
Feldmann, 1970). 
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unresponsive (Diener and Feldmann, 1970). Evidently tolerance induction 
tn vitro results from the direct interaction of immunocompetent cells 
with antigenat the level of surface recognition sites. The conditions 
which determine tolerance or immunity depend on the degree of interlinking 
of recognition sites by antigen. Interlinking beyond a certain level 
results not in immunity but tolerance. The conditions of tolerance 
induction are most easily achieved with polymeric antigens because they 
bear repeating antigenic units which can attach to large numbers of 
specific recognition sites. Monomeric antigens may be rendered "poly- 
meric" by interlinking them with bivalent antibody. With initial attach- 
ment of monomeric antigen to recognition sites, antigen and antibody at 
defined concentration ratios will readily form a lattice or complex on 
the surface of the lymphocyte. This focussing mechanism permits inter- 


linking of receptors sufficient for tolerance induction. 


5. Experimental Allograft Tolerance In Vivo 


The permanent survival of allografts has been extraordinarily 
difficult to achieve across a major histocompatibility barrier in 
adult experimental animals, unless large doses of immunosuppressive 
agents are administered continuously, throughout the life of the graft. 
Specific immunosuppression and/or allograft tolerance induction in 
adult animals remains an elusive goal. There are, of course, the 
already described experiments of Stuart, Saitoh et aZ (1968) and 
French and Batchelor (1969) involving rat renal allografts enhanced 
with specific alloantiserum. It appears that the two criticisms applied 
to these models, namely the special complement system in the rat and 


the fact that grafts are semi allogeneic (i.e. F, to parent) may be 
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pertinent. Renal allografts, for example, cannot be enhanced perman- 
ently in an outbred species such as the dog (Williams, 1973). In work 
with small laboratory animals Monaco, Wood et aZ (1966) and Lance and 
Medawar (1970) have been able to establish tolerance to rat and mouse 
Skin allografts by ALG treatment and establishment of lymphoid chimerism, 
Notably absent, however, are reports dealing with adult-induced trans- 
plantation tolerance in species other than the rat, without concomitant 
lymphoid chimerism and using other organs. A singular exception exists 
in the case of porcine liver allografts (Calne, White et al, 1969). 

It has been suggested in this regard, that allografts of pig liver 
Survive well because the liver provides a good source of tolerogenic 
transplantation antigens and, possibly, that the normally reversed 
architecture of the pig lymph node, reminescent of the early stages of 
development of the mouse lymph node (Williams, 1966), may facilitate 


tolerance induction. 
D. Justification for Thesis Research 


The literature survey presented, descriptive of antigen, anti- 
body and lymphocyte interactions in tolerance induction, is controversial, 
especially with regard to the zn vivo phenomenon of specific allograft 
Survival. For the purpose of further exploring tolerance induction 
tn vivo it is suggested that: 

1, All animals specifically bearing an allograft of long dur- 

ation be considered operationally tolerant. The mechanics 
of this achievement are undoubtedly subtle and complex. 


The observed phenomena of humoral antigen, antigen-antibody 
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complex, antibody mediated immune suppression and central 
failure of lymphocyte reactivity may all obtain. The data 
are not necessarily individually exclusive. Variable 
observations reflect, most probably different assay systems, 


each bearing singular focus. 


Allograft tolerance is best studied within the well defined 


histocompatibility systems of the mouse. 


Skin allografts, while they have served immunobiologists 
well, may not be an optimal graft choice for tolerance 
Studies tn vivo. Skin allografts are difficult to function- 
ally evaluate, and constitute an indeterminate antigen load 
as they contain significant numbers of lymphocytes and other 
cells. A skin allograft therefore represents the intro- 
duction of allogeneic lymphoid cells (with the possibility 
of local graft-versus-host interactions) plus skin specific 
and H=-2 transplantation antigens. Exposed to the microbial 
environment as they are, skin grafts are susceptible to 


infection, most notably in the irradiated animal. 


There is a need for a defined allograft system in the mouse 
which is technically simple and permits functional evaluation. 
Immunity within such a system (for instance the fetal heart 
graft model explored in this text) must first be established. 
Thereafter the mechanisms whereby experimental tolerance 

may be procured tn vivo may elucidate the differential 
function of antigen, antibody and lymphocyte in graft 


acceptance, 
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Subsequent chapters describe an allograft model which normally 
prompts early and specific rejection, but in which allograft acceptance 
can be established. The nature of this tolerance is explored with 


various techniques. 
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CHAPTER II 
MATERIALS AND METHODS 


The following provides a brief description of the laboratory 
animals and techniques which were used during the course of experiments 
described in this thesis. Where appropriate, further explanation is 


given in the relevant chapter or provided in the Appendix. 
A. Mice 


CBA/HI (H-2k), Balb/c (H-2d), (CBAxBalb/c)F, and C57B1 (H-2b) 
mice of indicated sex, bred at Ellerslie Animal Farms, University of 
Alberta, 70-120 days old were used throughout. Pregnant 6-10 week old 
Balb/c mice (mated to Balb/c males) were used as a source of fetal 
hearts after 17-19 days gestation. Gestation date was assessed by the 
vaginal plug method. Animals were housed 5-6 per cage, fed Purina 


Lab Chow and provided with water ad libitum. 
B. Tissue Culture 


The method of Diener and Armstrong (1969) as recently described 
by Feldmann and Diener (1971b) was used. Mouse spleen cells were placed 
on a dialysis membrane sealing off the end of a glass tube which was 
immersed in an Erlenmeyer flask containing 50 ml tissue culture medium. 


The culture medium used was a modified Eagle's minimal essential medium 
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with non-essential amino acids (Grand Island Biological Co., Grand 
Island, New York) supplemented with 10% fetal calf serum and 100 ug/ml 


each of penicillin and streptomycin. 
C. Cell Suspensions 


Mice were killed by cervical dislocation and the spleen or 
femoral bone marrow was transferred into cold (4°C) Peibowit medium. 
Splenic tissue was minced with fine scissors and cells were gently 
expressed through a stainless steel sieve using a glass pestle. 

Bone marrow was titrated with a pasteur pipette and cell clumps were 
allowed to settle out of suspension over a period of 15 minutes. In 

certain experiments lymph nodes were removed from axillary, cervical, 
mesenteric and inguinal node regions and were handled in the same 


fashion as spleen. 
D. Cell Counts 


Cell counts were performed with a haemocytometer under phase 
contrast optics except in cases where large numbers of samples were 
to be counted. For the latter purpose, cell counts were performed 
with a Coulter Counter Model B (Coulter Electronics Inc., Hialeah, 


Florida) which was fitted with a 70 yw diameter aperature. 
E. Irradiation 


Mice were irradiated in a 'Gamma Cell 40' (Atomic Energy of 


Canada Ltd., Ottawa, Ontario) at an absorbed dose rate of 126 rads per 
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minute emitted from two 1000 G sources of Cs!37. During the y ray 
exposure 25-30 mice were housed in a circular plastic container which 
fits tightly into the drawer of the irradiation unit. Air is supplied 
to the drawer and container during the irradiation period. This type 
of irradiation unit and its use is described in detail by Cunningham, 


Bruce et aZ (1965). Mice received 950R whole body irradiation (Fig. 6). 
F. Titrations 


1. Hemagglutinating antibody titres were performed using 
the method of Stimpfling (1961). 
2. Cytotoxic antibody titres were performed as described by 


Terasaki and McClelland (1964). 


G. Preparation of Antisera 


1. Rabbit Anti-mastocytoma Serum (RAMS) 


Adult male San Juan rabbits (Ellerslie Animal Farms, University 
of Alberta) were given three subcutaneous neck injections of 102 washed 
Balb/C mastocytoma cells at three week intervals. Rabbits were exsan- 
guinated by cardiac puncture 10 days following the last injection. 
Clotted blood was placed in a 37°C incubator for one hour, in a 4°C 
cold room overnight and the serum was pipetted off the cell pellet 
following centrifugation at 2000 rpm for 10 minutes. Serum derived 
in this manner was used whole or as a source of rabbit anti-mastocytoma 


IgG. 
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Figure 6 Survival of 66 adult CBA/HI mice after 950 rads 
whole body irradiation. None of the animals 
survived longer than 17 days post-irradiation. 
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2. CBA Anti Balb/c Serum 

Adult male or female CBA/HI mice were given three intraperitoneal 
injections of 10° washed Balb/c spleen cells three weeks apart and were 
bled by cardiac puncture 10 days following the final injection. Serum 


was handled as RAMS. 


3. Horse Anti Mouse Thymocyte Serum (HAMTS) 


The Medical Research Council of Canada kindly made available 
300 ml of active HAMTS. This was prepared by the Institut de Micro- 
biologie et d'Hygiene de 1'Universite de Montreal, Laval-des-Rapides, 


Quebec. 


H. Preparation of IgG 


1. Rabbit IgG 


Gamma globulin was precipitated from serum by the addition of 
30% ammonium sulfate at room temperature. The precipitate was dissolved 
in deionized water and reprecipitated three times. Finally the precipi- 
tate was dissolved in phosphate buffered saline (PBS) in approximately 
one half the original serum volume. This was applied slowly, by means 
of a motor driven syringe, onto a Sephadex G200 column equilibrated with 
PBS at 4°C. The column was equipped with an automatic fraction collector 
and ultraviolet detector at 280 m: to determine protein concentration. 
The second protein peak was taken as IgG and was dialyzed overnight 
against deionized water in the presence of chloroform at 4°C and 
subsequently freeze dried. IgG was reconstituted in PBS to approximate 


the starting serum volume; 1% bovine serum albumin (BSA) was added to 
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prevent freeze thaw denaturation. 


2. Horse IgG 


The procedure for rabbit IgG preparation was followed with 
certain exceptions. Ammonium sulfate precipitates were dissolved in 
PBS instead of deionized water. During Sephadex G200 separation, 
merthiolate (1/10°) was present to prevent bacterial growth. The IgG 
fraction was reprecipitated three times with 50% ammonium sulfate in 
PBS after Sephadex G200 separation. This removed merthiolate. The 
final precipitate was dissolved in a serum equivalent of PBS. BSA (1%) 


was again added to stabilize the protein content. 


3. Mouse IgG 


Ten ml of mouse serum were applied directly to the Sephadex 
G200 column. The second protein peak was again collected and repre- 
cipitated three times with 50% ammonium sulfate in PBS. The final 


volume was adjusted to approximate the starting serum volume. 


I. Cell Separation by Velocity Sedimentation 


1. Theory of Velocity Sedimentation 


Velocity sedimentation is a technique which can be used to 
characterize dispersed cell populations on the basis of size. Cells 
may be considered as approximately spherical particles which obey 
Stokes’ law, which defines the terminal velocity of such a particle 


suspended in fluid: 
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Stokes' Law 


where 


= final velocity 

= force of gravity 
radius of the particle 
= density of particle 


of. OSs co 
i} 


AS density of fluid 


n = coefficient of viscosity of the fluid medium 


According to this formula then, if cells are subjected to 
unit gravity in a medium less dense than all cells, settling will occur 
toward the bottom of the sedimentation vessel. Viscosity of the fluid 
will exert a drag force on falling cells and thus decrease the rate 
at which they settle. If the difference between the density of cells 
and fluid medium (d. - de) is relatively constant for the gradient 
used, the rate of settling is determined most significantly by the 
radius? of the cell. In other words, velocity of fall is most 
dependent on cell size. Cells of large size will fall and reach 
the bottom of a sedimentation vessel most quickly. If, however, 
serial fractions are removed from the bottom of the vessel before 
this, different cell populations will be characterized by their unique 


sedimentation velocities, corresponding to cell size. 


2. Components of the System 


The system used is pictured in Figures 7 and 8 and is essentially 
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Gradient. Generating Components 


Figure 7 Schematic illustration of the "staput" apparatus 
for separation of dispersed cells by velocity 
sedimentation. 
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Figure 8 Actual photograph of velocity sedimentation 
apparatus in 4°C cold room, prior to gradient 
formation. 
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that described by Peterson and Evans (1967) and later used by Kraft 
and Shortman (1972) and Armstrong and Kraft (1973). 


a. Baffle - stainless steel hemisphere with three equidistant legs on 
the undersurface; functions to prevent turbulence of fluid 
moving in and out of the staput vessel and evenly distrib- 


utes fluid flowing up through the staput port. 


b. Bottles - three sterilizable bottles connected as shown. The 
bottles contain 400 ml 30% FCS, 400 ml 15% FCS and 
50 ml 5% FCS in phosphate buffered saline (PBS) from 
left to right respectively. The third bottle is tightly 
corked to maintain a constant volume. Four clamps are 
positioned as shown to regulate fluid movement. The 
bottles are connected by short lengths of silastic tubing 
and a flow control valve is positioned between the 
solution bottles and the staput vessel. The second and 
third bottles are positioned on motor driven stirrers and 
contain teflon coated stirrer bars. All bottles are kept 


at the same level, which is above that of the staput. 


c. Staput - an autoclavable glass cylinder 16.5 cm in diameter which 
tapers to a cone. The bottom of the cone is fitted with 
a vertical outlet port; the top of the cylinder is fitted 
with a lip, permitting support of the vessel inside a 


wooden box with a hole in the top as shown. 
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d. Tubes (fraction collection) - 15 ml collection tubes are required 


along with several graduated cylinders or flasks. 


e. Y-piece - glass component positioned close to the control valve. 
The vertical component of the Y-piece permits fraction 
collection and is connected to a piece of tubing into 
which a pasteur pipette is inserted. The tubing is 
clamped until fraction collection when the tubing that 


connects with the third bottle is clamped shut. 


3. Operation of the System 


a. General 

The system shown merely provides a means of generating a non- 
linear, shallow density gradient comprised of 3 to 30% FCS in PBS. 
The three connected bottles contain differing concentrations of FCS 
as mentioned above and the gradient is removed by gravity flow from 
the third bottle into the staput at a rate of approximately 30 ml/min. 
A total of 10’ cells or less per ml are placed in each staput in a 
solution of 3% FCS in PBS. Once the gradient is formed cells are 
sedimented at 4°C for variable periods (2.5 hours in experiments in 
this text) after which 15 ml fractions are collected from the bottom of 
the staput. All FCS used in the system is centrifuged at 500 G for 20 


min before use to remove particulate matter. 


b. Specific 
(i) The system is arranged as shown in Figure 9. 


(ii) Bottles #1, 2 and 3 are filled with 30% (400 m1), 15% 
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(400 m1) and 5% (50 m1) FCS in PBS respectively. Clamps 
are placed as noted and Bottle #3 is tightly stoppered. 
Stirrers operative. 

(iii) Dispersed mouse spleen cells in 3% FCS in PBS (concentration 
5-10x10© cells/ml) are poured into the bottom of the 
staput vessel. 

(iv) Clamps #1 and #2 are released. The flow control valve is 
Opened and time is noted. The rate of fluid influx 
monitored at 25-30 ml/min. 

(v) Time records are kept: 
1 - when fluid level reaches top of staput cone 
2 - at beginning of fluid efflux (collection) 
3 - when falling fluid level reaches the top of the cone 


4 


when collection of fluid complete. 


4. Determination of Cell Velocity 
If cells start to fall from the top of the fluid gradient and 


if the time elapsed before collection of fractions is known, a 
sedimentation velocity can be calculated for each fraction. Knowing 
the vertical depth occupied by one fraction (depth per fraction) will 
permit calculation of an s value for each fraction. The following 
formula is used on a computer program (Kraft, 1972) which yields a 


printout with an s value for each fraction: 
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where 
S = sedimentation velocity in ml/min 
Xe = effective number of fractions collected 
X = actual fraction number, e.g. fraction number 3 
D = depth per fraction 
= staput standing time (hours) 


4 
T. = collection time (hours) 
X 


T total number of fractions collected 


In this formula 
a. ] 
tT Y where Y = 77 


with n= —sample volume or loading volume 


fraction volume 


Up = the time from when gradient liquid (on influx) reaches the top 

of the staput cone to the time when fluid removal begins, i.e. the time 
that fluid occupied the vertical section of the staput PLUS 5 of the 
cone time. The cone time represents the time fluid spends filling the 
cone until the vertical portion of the staput begins to fill PLUS 


the time fluid, leaving the vessel, spends emptying from the base of 


the vertical cone section until the cone is empty. 


Tg = time when fluid removal commences to the time when the top of the 
gradient fluid reaches the base of the vertical section of the staput 
(i.e. the time required to empty the vertical section). 

This formula takes into account the fact that the staput 


represents not just a cylinder but a cylinder with a cone attached. 
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Once the gradient is formed and the staput is full, the cells in 
Suspension initially introduced into the vessel are no longer at the 
top of the fluid layer. Cells will have fallen during staput filling 
and will no longer occupy a narrow starting band. Factors Xe and D 
attempt to determine cell position. Since cells continue to fall - 


7 
during collection, the factor ~ (X-1) is included in the formula to 
7 


account for this time factor. 
J. The Brunner Assay 


Cellular immunity induced in vivo and in vitro was studied with 
the aid of an in vitro system measuring the cytotoxic effect of 
sensitized lymphocytes on °!Cr labelled target cells. Inbred female 
mice of Balb/c strain served as donors of mastocytoma cells. The 
mastocytoma tumor, originally obtained from Dr. F. Wunderlich, National 
Institute of Health, Bethesda, Maryland, USA, was maintained by serial 
passage in ascitic form. Tumor cells were suspended in Leibowitz 
medium containing 10% FCS (L/FCS) and the suspensions were adjusted to 
8-10x10° viable cells/ml. To 0.4 ml of cell suspension 0.05 ml of a 
solution of radioactive sodium chromate (°!Cr sodium chromate, 1 mCi/ml, 
specific activity 100-400 u Ci/yug of chromium; Radiochemical Centre, 
Amersham, England) was added, and the cells were incubated for 30 
minutes at 37°C. The cells were then washed three times by centrifu- 
gation in L/FCS and adjusted to 10° viable cells/ml. Volumes of 0.5 ml 
of reaction mixtures containing a standard number of target cells 


(1x10*) and 1x10® of either sensitized or normal lymphocytes were 
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placed in 5 ml Falcon tubes. After nine hours residence in an incubator 
at 37°C, 1.0 ml of L/FCS was added to each tube, followed by centri- 
fugation at 450 G for 7.5 minutes. Taking care not to disturb the 
sediments, 1.0 ml volumes of the supernatant fluids were then removed 
with a 1 ml pipette. These samples were placed in 74x12 mm round 
bottomed glass tubes for measurement of radioactivity in a well-type 
scintillation counter (Packard Tri Carb Scintillation Spectrometer 

model 3002, Downersgrove, Illinois, USA). 

Calculations were based on the total amount of radioactivity 
released into the supernatant relative to the total amount of activity 
present. Total activity was obtained by counting both supernatant 
aliquots and the tube containing the precipitate and remaining super- 


natant. 


ths For each sample the percentage of °!Cr release was calculated 
according to the formula: 


% supernatant release = test supernatant release - control release x 100 


5lCr available - control release 


where 

test supernatant release = °!Cr release in 1 ml of the super= 
natant tested 

control release = >!Cr release in 1 ml supernatant of control 
sample; the control sample consisted of Balb/c, 
or nonreactive, cells incubated with °!Cr 


labelled Balb/c mastocytoma cells over 9 hours. 
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>!Cr available = the °!Cr label present in 0.67x10" labelled 
mastocytoma cells alone subjected to 9 hours 


incubation. 
The remaining precipitate, after withdrawal of 1 ml supernatant, 


was also counted. 


In a trivial example: 


Supernatant Precipitate 


Count Count 
(1) CBA sensitized to Balb/c + °!cr 
labelled mastocytoma cells 60 40 
(2) Balb/c cells + 5!Cr labelled 
mastocytoma cells 10 100 
(3) >!Cr labelled mastocytoma cells 80* 35+ 


*] ml sample was taken after 9 hours mastocytoma cell incubation 
without precipitation 


+0.5 ml sample remaining after 9 hours mastocytoma cell incubation 
without precipitation 


Applying the formula to the test sample of the sensitized 


CBA + mastocytoma mixture 


% release = Bovey TOLs WO 71.4% 


2% However pipetting errors are evident in that supernatant and 
precipitate counts totalled, are not equal throughout. One can, there- 
fore, for each two values of supernatant and precipitate, determine 


the percentage of °!Cr released into the supernatant. 
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Supernatant Total Release (STR) = Supernatant Release) 1% x 100 


Supernatant , Precipitate 
Release Release 


“The 14 factor is introduced since the supernatant counts 
are done on 1 ml of a 1.5 ml mixture of supernatant and 
precipitate. 

For the figures given then 


TP eee es 90 og any 


60 + 40 100 


These can be calculated for each test tube. 


=P If the control experiments (mixtures of Balb/c or unresponsive 
cells mixed with >!Cr labelled mastocytoma cells) are considered as 
baseline figures, a Converted Total Release (CTR) can be determined 
for test samples using the following formula. 


Converted Total Release (CTR) = STR {test sample) - Control STR x 100 


100 - Control STR 
or, in the example noted: 


90.0 - 13.6 _ 76.4 
100-13.6 86.4 


CTR (test) = x 100 = 86.1% 
Expression of Results as % Supernatant Release; % Supernatant Total 
Release and Converted Total Release reflect different means of expressing 
the release effected by test cells in the Brunner assay. The first 
formula is most simple and does not take into account pipetting errors; 


the formula for Supernatant Total Release individualizes the results for 
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each sample without considering control effect. The final value, 
Converted Total Release regards the release effected by control or 
nonreactive cells as a baseline value and compares all samples to this 


baseline. 
K. The Hellstrom Assay 


The technique used was essentially that described by Hellstrom, 
Hellstrom et aZ (1971). Mice derived from the same strain (Balb/c) 
that contributed fetal hearts for allotransplantation were used as 
sources of fibroblast target cells. These fibroblasts, derived from 
footpad tissue or fetal lung were maintained in tissue culture in 
Waymouth's solution containing 23% FCS (W/FCS). Subsequent to trypsin 
removal and reconstitution in W/FCS, fibroblasts were plated into the 
wells of 2040 Falcon Microtest II plates (96 wells/plate) at a 
constant number per well in a given experiment. Approximately 200 
fibroblasts in 0.1 W/FCS were plated, of which approximately 100 
became adherent to the bottom of each well. After 24 hours incubation 
at 37°C this medium was discarded and diluted serum in whole Waymouth's 
solution (from tolerant or normal mice; quantity 0.05 or 0.1 m1) was 
added for a 30 minute incubation period at 37°C. This serum was then 
discarded and then 0.1 ml of a spleen cell suspension containing 1x10° 
cells in Waymouth's medium was added to each well. After a further 
30 minute incubation an additional 0.1 ml of W/FCS was added to each well 
and the plates were incubated overnight at 37°C. Thereupon all 
medium was decanted. Wells were rinsed twice with Leibowitz solution 


and cells were stained with crystal violet. Crystal violet was washed 
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away by rinsing with water and the plates were dried in the incubator 
at 37°C for approximately two hours. The plates were subsequently 
examined under a microscope for the number of remaining fibroblasts 


per well. 
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CHAPTER III 


DEVELOPMENT OF THE EXPERIMENTAL MODEL: 
TRANSPLANTATION OF THE FETAL MOUSE HEART 


A. Introduction 


The initial difficulty in developing a model for studying 
transplantation tolerance was the choice of an allograft. Two common 
graft systems have been used in the laboratory, namely skin grafts in 
rodents and renal allografts in rats and dogs. Each of these have 
particular disadvantages. Skin grafting, while technically easy, 
does not permit accurate evaluation of graft function and does not have 
a precise rejection end point. Renal allografts, on the other hand, 
can be followed functionally but are tedious to implement, involving 
microvascular anastomoses, and are thus fraught with technical diffi- 
culties. They are further of dubious value in transplantation 
studies since long-term kidney survival can be obtained in rats allo- 
grafted across the major (Ag-B) histocompatibility barrier without 
immunosuppressive treatment (Salaman, 1971; Daniller, 1971). Because 
of the obvious need for an allograft system in small animals which was 
both technically simple and rapid, while permitting functional evalu- 
ation, attention was turned to fetal cardiac allografts as a transplan- 
tation model. Electrocardiography, a precise measurement of the 
persistence of functioning cardiac tissue, would seem a convenient 


means of evaluation. 
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Free grafting techniques have been used to study transplanted 
whole hearts in the hamster (Poor, 1957), chick embryo (Katzberg, 1959), 
platyfish (Weinstein, 1960) and mouse (Conway, Griffith et aZ, 1958; 
Fulmer, Cramer et aZ, 1963). Only recently, however, has the model 
received attention as a means of monitoring transplantation immunity 
(Judd, Allen et aZ, 1969). These authors transplanted newborn and 
fetal hearts of indeterminate age and assessed the effect of an anti- 
lymphocyte serum to prolong visual pulsatile activity. Further work 
in developing this system seemed cogent since the fetal heart bears 
transplantation antigens (Schlesinger, 1964; Simmons and Russell, 1966), 


is tolerant to hypoxia and conveniently small to work with. 


B. Technique of Cardiac Allografting and 
Subsequent Evaluation 


The original technique of neonatal or fetal heart transplantation 
in the mouse, as described by Fulmer, Cramer et aZ (1963) was modified. 
As shown in Figure 9, hearts are removed from fetal mice in utero, 
after 16-18 days gestation by gentle, blunt dissection under a stereo- 
microscope. The beating hearts, which measure approximately one milli- 
meter in diameter are placed in cold (4°C) Leibowitz solution. Adult 
recipient animals are anesthetized by the intraperitoneal injection of 
6x10°* mgm/gm mouse sodium pentobarbital (Diabutal, Diamond Laboratories, 
Des Moines, Iowa) diluted in Leibowitz medium. Using a tuberculin 
syringe with attached 26 gauge needle, 0.1 ml of Leibowitz solution is 
injected subcutaneously into the anterior aspect of the mouse ear, 


raising a small fluid filled bleb. This bleb is opened along its 
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Figure 9 Technique of cardiac allografting in the mouse. 
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- subcutaneous ear pocket formed by injecting a small 


amount of saline 


2 - bleb thus formed is opened along outer margin 
Bie 
4 - graft in place. 


insertion of 18-day gestation fetal mouse heart 


(Jirsch, Kraft et al, 1973) 
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outer margin with sterile scissors and the fetal heart is introduced 
with forceps into the subcutaneous space. Here the small graft is 
nourished by surrounding tissue fluid and serum until capillaries begin 
to grow into marginal myocardial tissue some days later. 

Allograft cardiac function following transplantation is 
evaluated primarly by electrocardiography with visual confirmation of 
graft pulsation through the thin overlying skin of the external ear 
(Figure 10). The limb leads of a standard ECG machine (Electronics 
for Medicine, Model DE 3562, White Plains, New York, USA) with high 
sensitivity and rapid paper speed (to accommodate the mouse heart rate 
of 400-600 beats per minute) are attached to animals momentarily 
anesthetized with methoxyflurane (Penthrane, Abbott Laboratories, 
Montreal, Canada) by means of small spring-loaded copper clips 
(Technical Services Workshop, University of Alberta) (Figures 11 and 
12). A smaller clip is attached to the periphery of the mouse ear 
containing the fetal heart graft and is connected proximally to the 
V-lead or search electrode. In this manner, the electrical activity 
generated by both the adult host heart and that of the heterotopic 
fetal graft are recorded simultaneously as-two distinct sets of inde- 
pendent rhythmical AV activity (Figure 13). Whether or not 
allograft electrical activity is present provides a stringent and 


precise index of graft survival. 
C. Results of Grafting 


In a series of 20 adult CBA mice which received Balb/c fetal 


heart allografts, 19 of 20 mice began to show electrical activity on the 
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Figure 10 Fetal heart graft as visualized with magnifi- 
cation. The small discolored area represents 
the graft tn sttu. At higher magnification 
pulsatile activity is apparent through the 
overlying skin. 
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MOUSE EAR 

CONTAINING FETAL V LEAD 

HEART TRANSPLANT ATTACHED 
WALL AIR NOSE CONE EXTERNAL ( TOECG 
SOURCE LIMB MACHINE 


LEADS 


LIQUID 
METHOXYFLURANE 


SPRING LOADED COPPER CLIPS 


Figure 1] Schematic representation of method of anesthesia 


and electrocardiography permitting evaluation of 
cardiac graft activity. | 
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Figure 12 Photograph of an anesthetized mouse with spring 
loaded copper clips attached to the extremities 
(limb leads) and a smaller clip (V lead) attached 
to the relevant ear containing a fetal heart 
graft. 
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Figure 13 Typical electrocardiogram obtained from a 
cardiac allografted mouse 


a - electrical activity generated by the 
heterotopic graft 


b - adult heart electrical activity 
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fourth day following transplantation (Figure 14). This activity fell 
precipitously on the seventh day after allografting due to immune 
destruction of the heart, reflected histologically thereafter as a 
diffuse mononuclear cell infiltrate with gross disruption of myocardial 
fibers (see Figures 15-17). Second Balb/c grafts inserted in either 
the same or opposite ear of these mice reflected an anamnestic or 
memory response (Figure 14). Thus, only 50% of second grafts ever 
established electrical activity and, in these, rejection was more rapid 
with major loss of electrical activity on the fifth day post-allografting. 
Fetal hearts transplanted into twelve identical strain mice developed 
visible pulsation and detectable electrical activity in 11/12 instances. 
These grafts did not reject and survived indefinitely. Visual monitor- 
ing of graft electrical activity was most rewarding in these cases, for 
postoperative tissue swelling and bruising made direct observation of 
cardiac activity difficult in the first week after surgery. Syngeneic 
grafts did not grow to any significant extent, most probably due to 

the absence of a work load, but pulsation and electrical activity 


persisted indefinitely. 
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Figure 14 Primary and secondary cardiac allograft survival 
and rejection. See text. 
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Figure 15 Normal histology of a syngeneic fetal heart 
graft after five months heterotopic residence 
(Balb/c fetal heart into adult Balb/c mouse 
ear). Magnification x160; Gomori's trichrome 
stain. 
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Figure 16 


Representative histologic section of a Balb/c 
allograft fetal heart transplanted into the 
subcutaneous ear tissue of an adult CBA mouse. 
This section (magnification x160; Hematoxylin & 
Eosin stain) reveals a diffuse cellular infil- 
trate with near total destruction of myocardial 
tissue ten days after transplantation. 


6] 


\di si 6 to notta92 aioolagetd bert ped 

_ atid otnt beinsi genes! dyeadt fete? 3 
-92uv0m ABD Siobs ae to euezis we 

8 ntlyxotamsh ;08!* nolisolths 
-Tttat? velulltao eer ae 6 2h 


eral af owes 5 


Figure 17 Representative histologic section - a Balb/c 
fetal heart resident in an adult CBA mouse 
ear after four months. Tolerance to the fetal 
heart was induced by methods described in 
Chapter VI. Note retention of normal myo- 
cardial architecture and absence of a signif- 
icant cellular infiltrate. Magnification x100 
Gomori's trichrome stain, 
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CHAPTER IV 


IMMUNE EXPRESSION AND HETEROTOPIC 
TRANSPLANTATION OF THE MOUSE HEART 


The precision with which allograft hearts were rejected 
Suggested that this was indeed a sensitive transplantation model. It 
was decided to monitor the development of cell mediated and humoral 
immunity in allograft recipients at various intervals following graft 
insertion. This would compare the functional sensitivity of the heart 
allograft model with the expression of cell mediated immunity in vitro 
(Brunner, Mauel et aZ, 1968) and the humoral expression of graft 


directed antibodies. 


A. Methods 


1. In Vitro Assay of Cell Mediated Immunity 


The Brunner assay has been described. Spleen cells from mice 
which had received either intravenous injections of Balb/c spleen cells; 
single or multiple Balb/c fetal hearts or adult skin grafts were tested. 
5x10© CBA spleen cells were incubated with 5x104 5!cr labelled Balb/c 
mastocytoma cells for nine hours. Subsequent °!Cr release into the 
supernatant was measured. 

Spleen cells were tested from 

(a) 3 to 8 heart allografted mice (Balb/c onto CBA), 5, 7, 10 


and 14 days following heart transplantation 
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(b) 6 animals which had received flank skin allografts (Balb/c 
onto CBA; approximately 0.5 cm? area) were tested within 
10 days of transplantation 

(c) 10 CBA mice which had received two injections of 20x10 
Balb/c spleen cells 14 days apart 

(d) 4 mice were given multiple heart grafts and were tested 


within 10 days of the final graft. 


2. In Vetro Assay of Humoral Immunity 


The development of humoral immunity was assayed using pooled 
sera from normal and heart grafted animals at days 4, 7, 10 and 14 after 
‘transplantation. The microcytotoxicity test of Terasaki and McClelland 
(1964) was used. Balb/c lymph node cells, prepared as described in 
Chapter II, were suspended in Leibowitz solution, washed twice in 
Leibowitz (450Gx7.5 minutes) and resuspended in McCoy's medium at a 
concentration of 2x10® cells/ml. One 2 of serum was added to microtest 
plates (Terasaki microtest plates #3034, Fisher Laboratories, Don Mills, 
Ontario) with one \ of Balb/c lymph node cells. After 30 minutes 
(room temperature) 5 i of rabbit complement (absorbed for one hour 
against an equal volume of packed CBA erythrocytes) were added to cell 
wells. Following one hour incubation at room temperature, 5% eosin in 
distilled water (3.3 .) was added with subsequent formaldehyde fixation. 
Percent cell death was then determined on the basis of dye incorporation 


in six wells tested per serum sample. 
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B. Results 


1. Cellular Immunity In Vitro 


Representative experiments from each of the above groups are 
detailed in Appendix, Section 1. 

Spleen cells from mice given single, multiple or even repeat 
allografts to the ear failed to show consistent sensitization. Flank 
skin allograft recipients showed low but consistent levels of sensi- 
tization within 10 days of transplantation. Intravenous immunization 
of CBA mice with Balb/c spleen cells 14 days apart caused a 60% or 
greater release of °!Cr. Im vitro sensitization of CBA spleen cells 
with Balb/c mastocytoma cells also resulted in a large degree of °!Cr 


release (49+14%) within a four day incubation period (Figure 18). 


2. Humoral Immunity 


Results of microcytotoxicity testing are outlined in Table 1. 
Normal CBA serum was not cytotoxic, but cytotoxic activity developed 
within four days of transplantation. This persisted with relatively 
constant activity on days 7 and 10 post-allograft insertion. A marked 
increase in cytotoxicity was apparent on day 14 when serum, previously 


undiluted, remained markedly cytotoxic at dilutions of 1/32 and 1/64. 


C. Discussion 


1. Cellular Immunity In Vitro 


The -!Cr release assay for cellular immunity was evidently 
capable of detecting sensitized spleen cells since intravenous Balb/c 


spleen cells elicited significant °!Cr release. The allografted heart, 
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Figure 18 Comparison of sensitization achieved with heart graft trans- 
plants with other procedures, as determined by the °!Cr 
release assay. (1) Two injections of 20x10° Balb/c spleen 
cells 14 days apart; (2) in vitro culture of 20x10® CBA 
spleen cells with 5x10* Balb/c mastocytoma; (3) flank skin 
allografts 10 days after transplantation; (4) multiple ear 
heart allografts 10 days after transplantation; (5) single 
ear heart allografts 10 days after transplantation. 
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Cytotoxicity Value 
(Each Figure Represents 


One Well) 
Normal CBA Serum eae 
4 Days Post Balb/c Graft 66666 4 
7 Days Post Balb/c Graft 466 6 6 6 
10 Days Post Balb/c Graft 6 6 6 6 6 6 
14 Days Post Balb/c Graft* 8 8 8 


Legend: 


no cytotoxicity 
cytotoxicity >10%<25% cells 
cytotoxicity >25%<90% cells 
cytotoxicity >90% cells 


] 
4 
6 
8 


“14 day serum diluted to 1/64 still positive 
(cytotoxicity value = 6) 


TABLE 1 - Cytotoxicity of CBA serum for Balb/c lymph node cells in 
normal and Balb/c allografted animals. At intervals 
following transplantation whole sera, pooled from four 
animals sacrificed on appropriate days, were assayed for 
cytotoxic activity against Balb/c lymph node cells in 
the presence of rabbit complement. 
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however, failed to elicit measurable sensitization. These results were 
confirmed by Kraft (1972) using an immune inhibition technique similar 
to that described by Hirano and Uyeki (1971). In this assay the 
secondary tn vitro response of CBA spleen cells to sheep erythrocytes 
can be inhibited by the addition of Balb/c cells sensitized against 

CBA alloantigens. Using mice from the test groups subjected to the 
>1Cr release assay, no Significant inhibition was obtained with spleen 
cells from cardiac allografted animals. This indicates that the heart 
graft model is a more sensitive indicator of transplant rejection than 
two current tn vitro assays for cellular immunity. 

The lack of sensitization with heart allografts could be 
attributable to antigenic differences between heart tissue and the 
target cells used in the in vitro assays, as suggested by the recent 
data of Barker, Lubaroff et al (1971) or to the relatively small and 
localized amount of tissue transplanted. If antigenic differences 
between the sensitizing tissues and target cells do not explain the 
lack of cellular immunity observed, current assays for cellular immunity 


may be too insensitive. 


2. Humoral Immunity In Vitro 


Cytotoxic activity in the sera of allografted animals was pre- 
sent four days following transplantation, At the time of overt graft 
rejection (7 days as assessed by electrocardiography) however, there 
was no abrupt rise in cytotoxic potential. Two weeks following 
transplantation marked humoral cytotoxic activity peepee cent in the 


serum. It is possible that at the time of observed graft rejection, 
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the majority of cytotoxic antibodies had been absorbed by the allograft, 
and were not present in sera for assay. In other words evaluation of 
humoral cytotoxic antibodies did not correlate with graft rejection. 

Electrocardiographic evaluation of graft function thus appears 
to be a more sensitive indicator of transplantation immunity than 
either (1) an in vitro assay for cellular immunity or (2) serial 


evaluation of cytotoxic graft directed antibodies. 
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CHAPTER V 
EARLY ATTEMPTS AT TOLERANCE INDUCTION AND ENHANCEMENT 
A. Antigen-Antibody Injection In Vivo 


The molecular model for tolerance established by Diener and 
colleagues tn vitro suggested that administration of alloantigen 
and appropriate antiserum <n vivo deserved trial. For this purpose 
Balb/c erythrocytes collected in Alsever's solution and washed in PBS, 
were used as a convenient antigen. An homologous CBA anti Balb/c 
serum (prepared as described in Methods; HAT 1/1024) was used as an 
antiserum to administer in serial dilutions after administration of 
antigen, in an effort to determine whether there was a critical ratio 
of alloantigen to antibody which would render recipient animals 
tolerant. 

The format of the experiment is depicted in Table 2. CBA 
adult mice were given intraperitoneal injections of 4x10°® Balb/c 
erythrocytes in PBS every second day for one month. To aaa yee 
groups 0.1 ml of log 10 dilutions of antiserum were added thereafter 
(also injected intraperitoneally). After 30 days of this pretreatment 
all mice were grafted with a Balb/c fetal heart in standard fashion. 
In brief, none of the allografts survived longer than seven days; the 
majority were rejected within five days of grafting or did not 
develop graft electrical activity at all. This was not altogether 


unexpected. The differential mechanisms of antigen and antibody 
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Reciprocal Titer (HAT) of 


Intraperitoneal of Homologous Antiersum Animals 
Group Antigen q2d Administered Thereafter Per Group 

A 4x10© Balb/c RBC 1000 5 
B 100 5 
C . ; 10 5 

, 1 5 
E . EOE, 5 
F " 1082 5 
G : jote 5 
H ‘ No antiserum 5 
J No antigen 100 5 


TABLE 2 - Antigen-antibody pretreatment of CBA mice. Groups of adult 
mice were given separate intraperitoneal injections of: 
washed Balb/c erythrocytes and serial dilutions of CBA anti 
Balb/c antiserum (Hemagglutination Titer = HAT) every second 
day for one month prior to insertion of a Balb/c fetal 
cardiac allograft. Control groups received, respectively, 
antigen (erythrocytes) but no antiserum and a representative 
dilution of antiserum without erythrocytes. 
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capture zm vivo, with the problem of non-uniform dispersal of either, 
likely precluded the events possible in vitro and resulted in sensi- 


tization of recipients. 
B. Transplantation Antigen In Vitro 


The availability of a small quantity of purified Balb/c H-2 
antigen (courtesy of Dr. S. Nathenson, Bethesda, Maryland) prompted 
tn vitro testing analogous to the POL-anti POL experiments. To 20x10® 
washed CBA spleen cells in 1 ml of MEM/10% FCS, 0.1 ml of the protein 
transplantation antigen was added. Serial dilutions of rabbit anti 
Balb/c antiserum (prepared as described in Methods) were added to 
appropriate cultures as depicted in Table 3. After 24, 48 or 72 hour 
incubation in Marbrook flasks, cell cultures were harvested and 10x106 
viable cells from each group were injected into (CBA x Balb) F, animals 
subjected to lethal irradiation. Appropriate CBA cell samples of 
culture flasks were independently used and subjected to the sheep red 
cell inhibition assay (Diener and Kraft, 1972). When injected into 
irradiated animals graft-versus-host death resulted within eight days. 

This experiment was repeated many times and homologous 
(CBA anti Balb/c) antiserum was used in several added attempts. At no 
time was there evidence for tolerance induction in vitro using the 
purified H-2 antigen available to us. Although the transplantation 
antigen available was effective (i.e. 0.1 ml of 100 uy/ml sample added 
to CBA anti Balb/c antiserum HAT 1024 would reduce the titer fourfold), 


the purity of the protein was unknown. The heterogeneity of this 
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. Irradiated (950R) 
Purified Balb/c Reciprocal Titers (HAT) Animals 


H-2 Antigen of Heterologous Anti Per Group 

Group tn Vitro Balb/c Antiserum (CBAxBalb/c)F 
peo Se ctencea i aa Steere a ET el 

A 1 ug 100,000 5 

B y 10,000 5 

C > 100 5 

D s 10 5 

E ; 1 5 

6 f 1 5 

G 10 ug -- 5 

H 1 ug -- rs) 

J -- 100 5 

K -- -- 5 


TABLE 3 - In vitro treatment of CBA spleen cells with transplantation 
antigen and antibody. 20x10° CBA spleen cells were exposed 
to microgram quantities of Balb/c transplantation antigen 
and serial dilutions of heterologous anti Balb/c antiserum. 
Following 72 hours incubation 10x10® harvested cells were 
injected into irradiated animals to determine graft-versus- 
host killer activity. 
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mixture may have precluded the antigen-antibody lattice formation 


necessary for tolerance induction in vttro. 
C. Enhancement Studies 


The successful enhancement studies with rat kidneys previously 
referred to prompted testing of the fetal heart in this regard. 
Accordingly, 18 day (CBAxBalb/c) F, hearts were transplanted into 
Balb/c adult recipients. Eight animals received 0.5 ml whole CBA anti 
Balb/c serum (HAT 1/1024) intravenously upon completion of grafting, 
and 0.5 ml intraperitoneally daily for the first four days after surgery. 
Graft survival was not significantly prolonged. Of six grafts which 
developed electrical activity five ceased to function on the eighth 
postoperative day and the remaining graft succumbed on the tenth day 
following surgery. This regimen was roughly comparable to that used by 
French and Batchelor (1969) in securing permanent renal survival in AS 
rats given an (August X AS) kidney. That the antiserum administered to 
these animals was of minimal toxicity was demonstrated in a further 
instance exploring the possibility of a peripheral enhancement effect. 
Eight fetal hearts were placed in a Falcon tube containing MEM/10% FCS 
to which sufficient homologous antiserum had been added to establish 
a HAT of 1/100. After eight hours incubation at 37°C all hearts were 
beating rhythmically. These were subsequently allografted, but under- 
went a normal rejection profile. The general validity of enhancement 
failure with this approach has recently been confirmed. Svehag and 
Schilling (1973) found significant prolongation of neonatal split 


cardiac allografts in the mouse, dependent upon recipient injection 
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with F(ab)> alloantibodies (thus devoid of cytotoxic potential) along 
with prednisone. 

The failure of antigen-antibody mediated tolerance induction 
tn vitro and in vivo, the current state of purification of transplan- 
tation antigens and the failure of enhancement studies prompted the 
approach to tolerance induction outlined in subsequent chapters. 
Although somewhat disheartening, initial failures at specific immuno- 
Suppression with the fetal heart graft model served to document the 


rather stringent requirements of the system. 
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CHAPTER VI 


HEART ALLOGRAFT SURVIVAL AND VELOCITY 
SEDIMENTATION CELL SEPARATION 


A. Introduction 


Lymphoid cells have a limited life span and the immune system 
must be permanently replenished by bone marrow stem cells. This requires 
the continuous development of new immunocompetent cells as a result of 
somatic mutation, implying that self-reactive clones are generated as 
part of the process ensuring recognition of a large number of different 
antigens. The general lack of self reactivity is probably acquired by 
those lymphocytes which happen to carry recognition sites complementary 
to a self antigen. Although the actual mechanism of self tolerance is 
unknown, evidence suggests that it must occur before the relevant cells 
have reached complete immunocompetence. 

This suggests that tolerance induction may be attempted following 
the rationale depicted in Figure 19. Lethally irradiated (950R) CBA 
mice will die within a few days from hematopoietic failure if they are 
not reconstituted with syngeneic bone marrow. Consider two groups of 
mice transplanted with Balb/c fetal hearts just following irradiation 
at a time when they are immunologically incompetent. If the first 
group of mice are reconstituted with whole bone marrow, which includes 
both stem cells and immunocompetent cells and the second group receive 


stem cells alone, the fate of the allografts in each case will, 
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X — IRRADIATION 


HEART GRAFT REJECTED HEART GRAFT ACCEPTED 


Figure 19 Repopulation of an irradiated heart allografted 
animal with syngeneic bone marrow eventuates in 
allograft rejection. Repopulation with purified 
hematopoietic stem cells should induce tolerance 


in stem cell progeny with cardiac allograft 
survival. 
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theoretically, differ. CBA graft recipients given syngeneic whole 

marrow should reject a Balb/c heart due to the presence of immunocompetent 
lymphocytes in the reconstituting marrow. However, Balb/c hearts placed 
in CBA recipients injected with hematopoietic stem cells alone should 
Survive indefinitely, becoming permanently accepted as self as prolif- 
eration and differentiation of stem cells in the presence of antigen 
determines tolerance. 

The problem revolves then, around the isolation of the primordial 
stem cell and excluding it from immunocompetent cell progeny. Quite 
apparently this approach to experimental tolerance induction is relevant 
to the clinical and laboratory problems seen in graft-versus-host 
disease. In allografting whole marrow or other lymphoid tissues the 
immunocompetent cell inoculum recognizes foreign antigens and mounts an 
immune response. Specific deletion of immunocompetent cells has for 
this reason alone become a promising experimental development. 

Pharmacologic agents may be useful in this regard. Immuno- 
competent cells can be stimulated by nonspecific mitogens such as 
phytohemagglutinin (Nowell, 1960), concanavalin A (Knight and Thorbecke, 
1971) or by specific transplantation antigens (Reisfeld and Kahan, 1971; 
Viza, Degani et al, 1968). Consequent proliferation of cells renders 
them susceptible to pharmacologic attack by agents which interfere with 
normal nucleic acid synthesis and results in the specific elimination 
of responsive cells.* In recent experiments both radioactive tritiated 


thymidine (Salmon, Krakauer et al, 1971) and 5-bromodeoxyuridine (BuDR; 
ate SS es ee See” CER NG rasb rome ceoxyur tid ine s(BuDR y 


* 
The author's experiments in this regard are documented in Appendix 
Section II. 
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Zoschke and Bach, 1971) have been used to selectively remove stimulated 
(immunocompetent) lymphocytes in vitro. Cell cultures treated with cyto- 
toxic agents active during cell division will, at an appropriate dosage 
level, retain stem cell activity. This is so because stem cells divide 
rather slowly and remain virtually unaffected (Bruce, Meeker et aZ, 1966; 
Lajtha, 1967). 

More extensive, however, have been experiments designed to pur- 
ify bone marrow stem cells by physical means. These have been based on 
differences between lymphoid cells with respect to size (Miller and | 
Phillips, 1969) and density (Turner, Siminovitch et aZ, 1967; Worton, 
McCulloch et az, 1969). The experiments of Phillips and Miller (1970) 
demonstrated that cells in mouse and bone marrow and spleen which were 
capable of graft-versus-host activity could be defined as a population of 
small, slowly sedimenting cells which fell through a fetal calf serum 
gradient with a rate of modal distribution of about 3 mm/hr. Stem cells, 
or cells defined by their ability to form hematopoietic colonies in the 
spleens of irradiated mice (Till and McCulloch, 1961) tended to be lar- 
ger in size and sedimented more quickly (Figure 20). Although clinical 
trials with bone marrow subjected to separation procedures (Speck, Pooren 
et al, 1971) have enjoyed only limited success, it was decided to test 
whether stem cells could be isolated from immunocompetent cells. The 
assay system (graft-versus-host activity) of Phillips and Miller (1970) 
permitted only short term assessment of cell reactivity; reconstitution 
of the irradiated allografted mouse would permit long-term evaluation of 
the effect of cell separation. Stem cell purification would, apparently, 
permit reconstitution of a lethally irradiated mouse with acceptance as 


"self" of an allogeneic fetal heart. 
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Figure 20 Velocity sedimentation cell separation of mouse 
bone marrow and spleen: the modal distribution 
of immunocompetent (GVHD) and stem (CFU) cells. 
Purified stem cells sediment most rapidly and 


may be separable from immunocompetent cell 
fractions. 


[Adapted from Miller and Phillips, 1970. ] 
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Accordingly, CBA mouse marrow and spleen were subjected to 
cell separation on the basis of velocity sedimentation. Fractionated 
hematopoietic tissue was then used to reconstitute syngeneic irradiated 


and heart allografted mice. 


B. Methods 


1. Cell Separation 


The technique of velocity sedimentation cell separation has been 
described. After sedimenting the cells for 2.5 hours at 4°C, 15 ml 
fractions were collected. Fractions were pooled on the basis of 
calculated velocity of sedimentation values as illustrated in Figure 
21. This separation has been independently applied to the study of 
immunocompetent cells by Diener, Kraft et aZ (1973) and found to give 


similar values to those described by Miller and Phillips (1970). 


2. Reconstitution of Irradiated Animals 

Mice were reconstituted one day after irradiation (950R) with an 
intravenous injection of lymphoid cells. Reconstituting inocula of 
lymphoid cells consisted of (a) unfractionated bone marrow, (b) unfrac- 
tionated bone marrow plus spleen cells, (c) unfractionated marrow plus 


fractionated spleen cells, and (d) fractionated spleen cells. 


3. Heart Allograft Insertion and Subsequent Evaluation 


On the day of irradiation CBA mice were transplanted with a 
Balb/c fetal cardiac graft to the right ear as described in Chapter II. 
In initial experiments loss of fetal heart activity in irradiated 
repopulated mice did not occur in the first several weeks following 


graft insertion. For this reason, and to permit animals to recover 
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Figure 21 A typical velocity sedimentation distribution profile of: 


A - Normal spleen nucleated cells. A pooled sample of 
300 million total cells, from two mice, was applied 
in 30 ml 3% FCS PBS to the staput. 


B - Normal bone marrow non-erythroid cells. A pooled 
sample of 90 million cells from three mice was 
applied in 15 ml 3% FCS PBS. 


The dotted line encompasses the velocity ranges used for 
pools of: a- small, b - medium, c - large cells. 


Fraction a contains the majority of immunocompetent cells; 
fractions b and c are stem cell rich. 
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from irradiation, electrocardiography was first performed two weeks 
after allotransplantation. Those animals in which grafts had "taken" 
and exhibited electrical activity were then followed by serial electro- 


cardiography at one week intervals. 
C. Results 


1. Whole Marrow and Spleen 

When irradiated CBA mice were reconstituted with 0.1x10° 
Syngeneic bone marrow cells, the mean rejection time was four weeks 
(Figure 22A). Since rejection was presumably due to the presence of 
mature immunocompetent cells (ICC) in the inoculum, similar experiments 
were then performed, adding 2x10©® (or a twentyfold increase) of 
syngeneic spleen cells to the marrow inoculum. The addition of spleen 
cells, known to contain a larger proportion of ICC than bone marrow 
did not, however, increase the rate of allograft rejection (Figure 22A). 
In fact, in further experiments, repopulation of animals with 10x10°, 
20x10© and 50x10© spleen cells did not appear to affect the ability of 
allografts to survive in the four week interval following transplan- 
tation. Cell separation experiments were thus indicated to probe the 
specific effects of ICC and stem cell enriched fractions in the rejection 


process. 


2. Fractionated Marrow and Spleen 


Reconstitution of animals with 0.1x10° ICC enriched bone 
marrow (Figure 22B) was no more effective in rejecting the allograft 
heart than other fractions presumably devoid of these cells. This 


suggested that cells other than mature ICC were involved in graft 
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Figure 22 Cardiac transplant survival in mice lethally irradiated, 
allografted and reconstituted with hematopoietic tissue: 


A a-Unfractionated bone marrow 
(0.1x106 cells; 33 mice) 


o-Unfractionated bone marrow plus spleen 
(0.1x10® bone marrow cells; 2x106 spleen cells; 
15 mice) 


B o-Fractionated bone marrow small cells 
(0.1x10® cells; 27 mice) 


o-Fractionated bone marrow, medium cells 
(0.1x10® cells; 20 mice) 


@-Fractionated bone marrow, large cells 
(0.1x10® cells; 36 mice) 
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rejection in this system, one possibility being that ICC precursors 

were present in the bone marrow inoculum in the stem cell rich 
sedimentation fraction. When stem cell rich fractions of spleen, either 
alone or with bone marrow, were used to repopulate allografted mice the 
results were quite different (Figure 234&B). Grafted animals which 
received only the large or rapidly sedimenting spleen cells maintained 
their grafts longer than recipients of bone marrow alone. In addition, 
this high velocity fraction gave evidence of inhibiting the rejection 
process since three animals carried functional allografts longer than 
four months following reconstitution with both large spleen cells and 
bone marrow. Similarly, reconstitution of irradiated animals without 
syngeneic bone marrow but with large spleen cells alone permitted four of 
17 heart grafted animals to retain allograft function up to 12 weeks 
post irradiation. Since mice which had successfully maintained an 
allograft heart for 12 weeks post irradiation and reconstitution did 

not subsequently reject the allograft, they were considered, in effect, 
tolerant of their allografts. Such animals are referred to, in sub- 


sequent experiments, as tolerant mice. 


D. Discussion 
The initial finding that syngeneic bone marrow cells in very 
small numbers used to reconstitute a CBA mouse subjected to irradiation 
and cardiac allografting eventually lead to rejection allows several 
possibilities. The cells which ultimately caused rejection may have 
been mature ICC, present in small numbers in the bone marrow inoculum, 


which required 4-5 weeks for sufficient clonal expansion to reject the 
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Figure 23 Cardiac transplant survival in mice lethally 
irradiated, allografted and reconstituted 
with hematopoietic tissue: 


A-—- Unfractionated bone marrow 0.1x10° cells plus 
0-2x10© small spleen cells (17 mice) 
O-2x10° medium sized spleen cells (14 mice) 
@-2x10© large spleen cells (10 mice) 


B e@-Large spleen cells alone (2x10© cells; 17 mice) 
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the graft. Alternatively, the majority of ICC, present at the time of 
rejection, may have been differentiation products of precursor cells in 
bone marrow. Since the addition of 2x10® spleen cells to the recon- 
stituting inoculum did not accelerate graft rejection, the small 
numbers of ICC in bone marrow at the time of reconstitution were 
apparently not a limiting factor. Indeed, velocity sedimentation of 
bone marrow showed that the ICC enriched fractions of marrow were no 
more efficient at rejecting the graft than the faster sedimenting, stem 
cell rich fractions. The situation with spleen cell reconstitution was 
different. Irradiated mice which received only the large or rapidly 
‘sedimenting spleen cells (without bone marrow) showed allograft 
Survival significantly longer than in recipients of whole or fraction- 
ated marrow. In addition, the high velocity spleen cell fraction gave 
evidence of inhibiting the rejection process, site three of ten animals 
carried functional allografts longer than four months following recon- 
stitution with both large spleen cells and whole bone marrow. In 
contrast then, bone marrow cells permitting allograft rejection were 
spread over the entire range of velocity sedimentation values invest- 
igated, but spleen cells differed, the large cell fraction thereof 
prolonging allograft function with permanent graft survival (>12 weeks) 
in 25-30% (7/27) of animals. Immunocompetent precursor cells may thus 
be present in the high velocity sedimentation fraction of bone marrow 
and absent in spleen or, alternatively, a class of large spleen cells 
which is absent in bone marrow may be inhibitory, promoting graft 


survival. 
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CHAPTER VII 
IMMUNOSUPPRESSION AND ALLOGRAFT SURVIVAL 
A. Introduction 


In the previous chapter it was shown that cardiac allograft 
rejection in an irradiated animal repopulated with syngeneic marrow 
occurs within four to five weeks. Apparently within this time interval 
sufficient immunocompetent cells are generated to destroy the allograft 
heart. Since prolonged graft survival has previously been noted in 
renal allografted rats treated with (1) homologous antiserum (French 
and Batchelor, 1969; Stuart, Saitoh et aZ, 1968), (2) short term anti- 
lymphocytic serum (Guttmann, Lindquist et aZ, 1969), these modalities 
could, conceivably, produce long standing graft survival in the 
irradiated mouse model. It is to be noted that long standing graft 
survival with either ALS or homologous antisera has been routinely 
documented only with F, to parent renal allografts in rats and, 
occasionally, with canine kidneys transplanted across an indeterminate 
histocompatibility barrier (Shanfield, Wolf et al, 1973). 

The possible influences of homologous graft directed antisera 
have been described previously. Antilymphocyte globulin preparations 
are less specific in their effects but have demonstrated a variety of 
immunosuppressive activities. They may destroy, most particularly, 
the circulating lymphocytes (Levey and Medawar, 1966; James, 1967), 


render lymphocytes immunologically inactive (Boak, Fox et al, 1967) or 
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coat lymphocytes, effecting their subsequent removal from the circulation 
(Martin and Miller, 1967). 

The purpose of the investigations described in this chapter was 
to investigate whether or not different antisera, given in short term 
discontinuous fashion could deter the normal rejection response and 
produce long term cardiac allograft survival. The model system again 
employed CBA mice which were irradiated (950R), cardiac allografted and 


reconstituted with 0.1x10© syngeneic bone marrow cells. 
B. The Effect of Different Antisera 


1. Horse Anti Mouse Thymocyte Serum and Globulin 

During irradiation recovery mice were injected with 0.05 ml 
HAMTS intraperitoneally (IP) at weeks 2, 3, 4 and 5. The dosage of 
HAMTS (Hemagglutinin titer 500,000) was selected empirically as the 
minimal amount which would permit survival of the irradiated mouse. 
The stem cell toxicity of such preparations is well documented (Gallagher, 
Richie et al, 1972) and may, in fact, be removed by absorption with 
spleen cells (Trentin and Judd, 1973). The experience with a smal] 
group of mice treated with HAMTS (Figure 24), demonstrated, however, 
that long term survival could be obtained with whole serum. A larger 
group of 45 mice were treated with the less toxic IgG (HAT 500,000) 
preparation administered IP 2 ml once weekly either at weeks 2 and 3, 
or weeks 2-5. Much the same immunosuppression was obtained in this 
group of animals, with 17% of animals bearing grafts beyond the twelve 


week period. The immunosuppression obtained with HAMTS IgG 8 weeks 
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Figure 24 Effect of horse anti mouse thymocyte serum (HAMTS) 
on allograft survival. CBA adult mice were 
irradiated (950R), allografted with a Balb/c fetal 
heart and reconstituted with 0.1x10© syngeneic bone 
marrow cells. 


O 0.05 ml HAMTS intraperitoneal injection weeks 
2, 3, 4, 5 post irradiation; 5 mice 


@ 0.2 ml HAMTS IgG one intraperitoneal injection 
weeks 2 and 3 or weeks 2, 3, 4, 5 post irradiation; 
45 mice | 


--- normal pattern of rejection without treatment; 
33 mice 


At 8 weeks post irradiation the immunosuppression 
obtained with HAMTS IgG treatment is very significant 
(p<0.001, x2 test) 
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post irradiation was very significant (p<0.001) compared with non- 


treated control animals. 


2. Rabbit Anti Balb/c IgG 


Antiserum prepared in rabbits in response to injections of 
Balb/e mastocytoma cells was used to obtain a rabbit anti Balb/c IgG 
(RAB IgG) preparation. In an initial experiment three animals treated 
with 2.0 ml of the IgG preparation (IP injection weeks 2-5) retained 
indefinite allograft activity. Further preparations were not as effec- 
tive, however. The graph depicted in Figure 25 is a summary of seven 
subsequent experiments depicting the loss of allograft function in 84 
animals demonstrating initial cardiac activity. The hemagglutinating 
activity of these preparations was comparable to that of the HAMTS IgG 
but a larger volume (2.0 ml) was administered on weeks 2, 3 or 2, 3, 

4 and 5. The activity of RAB IgG was much less potent than HAMTS IgG, 
and only two grafted animals retained allograft activity beyond twelve 


weeks post irradiation. 


3. Effect of CBA Anti Balb/c Serum, IgG and IgM 


The intraperitoneal injection of 1 ml of whole CBA anti aye 
serum (HAT 1512) at weeks 2 and 3 post irradiation significantly 
prevented rejection in 18 animals, but only during the period of admin- 
istration (Figure 26). Administration of 0.5 ml of the IgG fraction 
of this serum at weeks 2, 3, 4, 5 was not markedly effective, but did 
produce one long-term graft bearing animal. Administration of the IgM 


fraction in the same manner was ineffective. 
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Figure 25 Effect of rabbit anti Balb/c (RAB) IgG on allograft 
survival. CBA adult mice were irradiated (950R), 
allografted with a Balb/c fetal heart and recon- 
stituted with 0.1x10© syngeneic bone marrow cells. 


@ 2.0 ml RAB IgG intraperitoneal injection weeks 
2, 3 or 2, 3, 4, 5 post-irradiation; 84 animals 
--- normal pattern of rejection without treatment; 
33 animals 


At 8 weeks post-irradiation the immunosuppression 
obtained with RAB IgG treatment is not significant 
(x2 test) 
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Figure 26 Effect of CBA anti Balb/c serum, IgG and IgM on allograft 
survival. CBA adult mice were irradiated (950R), allo- 
grafted with a Balb/c fetal heart and reconstituted with 
0.1«10° syngeneic bone marrow cells. 


01.0 ml CBA anti Balb/c serum intraperitoneal injection 
weeks 2, 3 post-irradiation; 18 animals 


40.5 ml CBA anti Balb/c IgG intraperitoneal injection 
weeks 2, 3, 4, 53 5 animals 


@0.5 ml CBA anti Balb/C IgM intraperitoneal injection 
weeks 2, 3, 4, 5; 5 animals 


--- normal pattern of rejection without treatment; 33 animals 


At 4 to 6 weeks post irradiation the. immunosuppression 
obtained with CBA anti Balb/c serum treatment is 
significant. (p<0.01; x2 test) 
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C. Repopulation of Thymectomized Animals 


Ten CBA mice were adult thymectomized (Miller, 1961) one month 
prior to irradiation (950R), cardiac allografting and repopulation with 
_ Syngeneic whole bone marrow. As expected, this proved to be markedly 
immunosuppressive and permitted 60% of animals to bear permanent cardiac 
allografts (Figure 27). This confirms the established role of the 
thymus in maintaining cell mediated immunity. The fact that four of 
the ten animals did reject their allografts may suggest either (1) thymic 
regeneration occurred in these animals (incomplete thymectomy), or 
(2) that there were sufficient graft reactive cells present in the bone 
marrow inoculum to eventually expand sufficiently to effect graft 
rejection. For the purposes of this study, however, graft survival in 
thymectomized animals is insufficient since adult thymectomy produces 


non-specific cellular immune deficiency (Miller and Osoba, 1967). 


D. Immune Status of Animals Treated with Antisera 


1. Repeat Allografts 


The most effective means of producing graft tolerant mice was 
by administration of HAMTS. In order to demonstrate that immune 
recovery had occurred after this treatment, a total of 16 animals were 
selected after they had shown no graft electrical activity for three 
successive weeks. These animals were then given a second Balb/c heart 
graft in the opposite ear. In none of these animals was graft 
electrical activity apparent beyond one week following the second graft 


insertion. In other words, in animals, which despite HAMTS treatment, 
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Figure 27 Effect of thymectomy prior to reconstitution. 
CBA adult mice were thymectomized. One month 
later they were irradiated, allografted with 
a Balb/c fetal heart and reconstituted with 
0.1x10© syngeneic bone marrow cells. 


@ CBA mice treated with prior thymectomy; 10 animals 


--- normal pattern of rejection without thymectomy ; 
33 animals 


Beyond 4 weeks post-irradiation the influence of 
prior thymectomy is significant (p<0.01; x2 test) 
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rejected their grafts, immunologic recovery was evident such that a 


second allograft did not show prolonged survival. 


re Immunocompe tence of Tolerant Mice 


As with tolerance induction by velocity sedimentation techniques, 
mice which had permitted allografts to survive longer than 12 weeks 
beyond initial irradiation and subsequent antiserum treatment were 
considered operationally tolerant. The immunocompetence of such mice 
was tested tx vitro. Spleen cells from tolerant mice could react 
normally in tissue culture, as outlined in the following chapter. 
Tolerant mice were thus immunocompetent. Tolerant animals were effec- 
tively given a second Balb/c heart graft by the studies described in 
Chapter IX. Lymph node cells from tolerant mice transferred tolerance 
to secondary irradiated recipients reconstituted with whole bone 
marrow. Several tolerant animals given a "third party" (C57B1) graft 
were capable of rejecting this graft while maintaining Balb/c allograft 


activity. 
E. Conclusions 


Long-term cardiac allograft survival can be obtained by 
administration of either heterologous or homologous antisera. In those 
treated animals which reject their graft, subsequent repeat allografts 
result in early rejection (within 7 days) indicating the return of 
immunologic competence in these animals. Those animals which retained 
their grafts longer than 12 weeks post-irradiation were fully 


reactive tn vitro and thus immunocompetent. In these studies the 
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injection schedules, sources of antisera and routes of administration 
were, of necessity, empirically selected. Certainly investigation of 
these factors would improve the number of animals specifically tolerant 
of allograft hearts. Short term discontinuous treatment of irradiated 
mice with heterologous antisera did not prevent the subsequent develop- 


ment of immunocompetence. 
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CHAPTER VIII 
RECOGNITION OF ALLOANTIGENS IN TOLERANT MICE 
A. Introduction 


Early researchers in the field of transplantation tolerance 
(Billingham, Brent et alt, 1956) formed the opinion that tolerance was 
due to a central failure of the immune response rather than to inter- 
ference with a normally reactive immune system. This dogma has per- 
sisted without challenge until the last several years. It has recently 
been proposed that tolerance is in reality due to the interposition of 
some protective serum factor between an aggressive lymphoid cell and 
the target it would otherwise act upon. For example the Hellstréms 
(1970a), Voisin, Kinsky et aZ (1968) and Ceppelini (1971) and their 
associates have suggested that some types of tolerance may be effected 
by antibodies which somehow suppress antigenic recognition by immuno- 
logically competent cells. 

This implies that immunologically competent cells exist in toler- 
ant animals and that removal from a tolerance sustaining milieu would 
demonstrate immune responsiveness. There are a number of relevant 
Studies in this regard. Mintz and Silvers (1967) have shown that 
allophenic mice, chimeric since the eight cell stage because of whole 
embryo fusion, are operationally tolerant to themselves and to both 


parental strains. Nevertheless, they possess both immune cells capable 
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of specifically destroying parental strain fibroblasts in vitro and 
specific serum blocking factors capable of preventing that destruction 
(Wegmann, Hellstrom et aZ, 1971). On the other hand, studies by Atkins 
and Ford (1972) in rats rendered tolerant to transplantation antigens 

by the neonatal injection of F, hybrid marrow, have shown that tolerant 
thoracic duct lymphocytes (TDL) do not effect the graft-versus-host 
potential of normal TDL and are presumably nonreactive. Similar studies 
by Bildsoe and Ford (1971) have established that splenic lymphocytes from 
rats rendered tolerant by marrow cell infusion at birth were inactive 

in the popliteal lymph node assay for graft-versus-host disease. 

The situation in animals rendered tolerant to allografts 
(defined as permanent graft survival without continuing immuno- 
suppression) is equally unclear. Hellstrom, Hellstrom et aZ (1970c) 
have demonstrated that canine irradiation chimeras possess lymphoid 
cells which kill host fibroblasts zn vitro and that serum can 
specifically abrogate this cytotoxic effect. On the other hand Grant, 
Leuchars et al (1972) have studied murine irradiation chimeras. Spleen 
cells removed from tolerant animals were unable to kill tumor cells of 
host antigenicity in vitro and that further, serum taken from these 
chimeras did not prevent immune cells of donor genotype being cytotoxic 
to host target cells. For animals bearing permanent grafts following 
treatment with homologous antisera, the situation is somewhat more 
consistent. Stuart, Fitch et aZ (1971) and French, Batchelor et al 
(1971) both demonstrated that rats bearing permanent renal allografts 
following short term antiserum treatment were capable of mounting a 


cell mediated response to graft antigens. Indeed, the earlier studies 
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of Voisin, Kinsky et aZ (1968) had shown that highly tolerant animals do, 
in fact, develop immunological reactions against the transplantation 
antigens of the tolerated lines and that, further, the appearance of 
Significant levels of anti H-2 antibodies in the tolerant mouse did not 
Signal the rejection of the graft. Sera from highly tolerant animals 
were found to contain specific enhancing antibodies able to passively 
transfer to normal mice the ability to tolerate a graft from the 

donor strain. 

The purpose of the investigations described in this chapter was 
to determine the specific responsiveness of adult CBA mice operation- 
ally tolerant to Balb/c cardiac allografts. Since tolerant animals were 
obtained by a variety of means following irradiation, (including 
syngeneic stem cell reconstitution, which is perhaps analogous to the 
induction of self tolerance during ontogeny), the system invited 


investigation in this regard. 
B. Methods 


The basic plan of the experiment was to compare the Capacity of 
spleen cells from normal and from tolerant mice to become sensitized 
tn vittro to Balb/c mastocytoma cells and subsequently effect 5!cr 
release from labelled mastocytoma cells. 

CBA spleen cells, prepared as previously described, were 
obtained from normal and tolerant mice. 20x10® spleen cells were 
cultured zn vitro in the presence of 1x10* Balb/c mastocytoma cells in 
MEM/FCS. After 96 hours incubation cells were harvested and washed 


with L/FCS (450Gx7.5 min) and were reconstituted with 10 ml L/FCS. 
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Spleen cell counts were obtained and after further centrifugation 
(450Gx7.5 min) the cells were suspended in MEM/FCS. Control cultures 
consisted of spleen cells derived from normal CBA and Balb/c mice with 
and without addition of mastocytoma cells during the incubation period. 
Radiolabelled (°!Cr) Balb/c mastocytoma cells were prepared as described 
in Chapter II. Reaction mixtures (0.5 ml MEM/FCS) containing 1x10* 
labelled mastocytoma cells were incubated with 1x10® cells derived from 
tissue culture. In further control experiments introduced at this 
stage, the Brunner assay was carried out with fresh (non-cultured) CBA 
and Balb/c spleen cells, as well as with test cultured cells. All 
experiments were carried out in triplicate or quadruplicate reaction 
mixtures. After nine hours incubation, the previously described calcu- 
lations determined (1) percent supernatant release, (2) supernatant total 


release, and (3) converted total release of °!Cr. 
C. Results 


The data obtained from a single representative experiment are shown 
in Table 4, Since incubation of spleen cells in tissue culture was done 
with several flasks per test procedure, and the reaction mixtures derived 
from single culture flasks were read in triplicate samples, supernatant 
and precipitate counts represent mean figures with standard deviations. 
Converted total release (CTR) and mean CTR figures (from triplicate 
procedures) are finally computed. Mean CTR percentages compare the 
51Cr release of control or nonreactive mixtures (usually normal Balb/c 
or CBA cells in tissue culture without mastocytoma cells) with the 


reactivity of CBA spleen cells cultured in the presence of Balb/c 
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mastocytoma cells for four days. As shown in this table, normal 
CBA spleen cells, sensitized to Balb/c alloantigens in vitro, are able 
to subsequently effect °!Cr release (i.e. exhibit killer cell activity) 
from radiolabelled Balb/c mastocytoma cells. However spleen cells 
derived from a CBA mouse tolerant to a Balb/c cardiac allograft, sub- 
jected to the same mastocytoma exposure, also effect release of label 
from target tumor cells. 

Data from eleven such experiments are summarized in Table 5. 
Spleen cells from both normal and Balb/c heart graft tolerant mice, 
upon exposure to Balb/c alloantigens zm vittro, were able to subsequently 
express killer activity against Balb/c tumor cells. In fact, there was 
no statistically significant difference between the cell mediated 
immunity demonstrated by spleen cells of either normal or tolerant mice. 
In contrast, however, exposure of spleen cells to mastocytoma allo- 
antigens in vitro rendered them capable of major killer activity, sig- 
nificantly different, in all cases, from (1) CBA spleen cells cultured 
without tumor, (2) CBA spleen cells freshly prepared from a normal 
mouse, (3) Balb/c cells cultured in the presence of tumor cells, or 


(4) Balb/c cells freshly prepared from a normal donor. 


D. Discussion and Conclusions 


CBA mice rendered tolerant to Balb/c fetal cardiac allografts 
by a variety of methods did not exhibit diminished or absent immune 
reactivity to the alloantigens of the graft. It follows that the 
persistence of graft function may be due to either a change in graft 


immunogenicity (graft adaptation), or to cellular or humoral mechanisms 


= 


ie 


‘v5b WOT Ww? 2ITe> smotys0tz6m 
a—* ae 
oJ bestitense .2i{s> masiqe ABD 5 


4 , — fs 7 “a : 
2eafar °° Jostte ylinsupeadve OF 


if o? Jnsielod szuom ABD 6 movi be 


wZ00xS BAO TVv3 3 “a oMs2 ent oF bers 1 


% 


« _ = 4ac ‘ ot 
-¢'|i189 “IOMAJI 2 pi GJ. 10" 


8 2 


2Inamn Sqko owe wvals mor? 6350 
ci ; OF i BCTTOn | JO mov? etleD nesl ge 


- + “ si Cc . m 
. We ; pr insoli6 2\d[sh oF aiweogxs nogy 


| Santeps Utivites set ffl eevee 


7 


| 
sonpistt tbh Inéortingte ylleatizises2 oe 
7 


ee : a, 

85 nesiq2e yd bezey3 2nomed 3 Thunmt 
nasiaz to swweodxs .Wvewor J 2e7I N02 
‘ 7 = 

9 


at 


dads: Aj bevebnet othee mb eneprd 6 
‘ - 


‘ . ~29265 I! iInsveitirb VIFHSSIIIA 
4 ® 7 
a . > ‘ aff 7 f 5 . j 4 ‘ “ 
Sarion 6 MOTT OSYEQSstq Vin: 2fiso neelqe-AdD (3) ,1omd Juans W 
a] 


ea 
dos 


ae on & ta ‘ TY. | bes racer =f * f f 
© ,2) 192 Tomy To gonszee1q aft nt bewirivs elfen o\cled (E) .s 
5 - e 
- pon 
7 


7 :  «"Onob [seron 6 mort bavegsyg yiiteett effea o\dis8 | b) 
S aa. ., 2s 


ve Bs i - 


= ye 
~ oe 


* 7 ' 
7 wr : : 
pp 7 


sa he 
W 7 a. > a - 


104 


“SL [9D uoUlNZ paLLaqeLOLpeu uo (asealad UJ,,) AZLALZOR YALL Ly Aol pazsa}z auam sa uaajds 
paysaaueH “Sunoy g6 UO4 S| Lad eWOADOZSeW Jo adUaSaUd |aU} UL pauNz[ND s4aM S| {ao Uaa|ds 


SquUaWLUuadxXa LeNPLALpUL LL U] ‘adLW Yq) JUeVaL07 pue [eWUNOU WOUJ S{ {ad Usa,ds Aq pazda4Ja 
S| [ad eWOZADOZSeU D/qLeg PaLLeqe| WOUs UJ;¢ JO BSRAaLaA |2F0O} Pa}PUBAUOD UeAal 94, JUaSeUdau 
pazsSl| SaunblLy °O%42a U2 aDLW LeuUOU pue }UeVI[O} WOU AZLALZOe | [aD usa_ds 40 uoSLuedWio) - G IIGWL 
LO'O>d Syqd YSeuf SNSUBA JSeU O%F2A UT + YG LeWMON (¢€) 
GOO*O>d feunzLNd anssiz Yq LewuoU sNsuaA SRW O%F72A UT + YQ LeWAON (Z) 
G*O<d {ySeWw 04420 U2 + Yq) PURUS[0} SNSUBA JSeU O%F2A UI + YG) LPUMON (L) 3S9L L Ppeuledg ,SzUepnzs 
c'vl eo Cs O'L 0 6.95 “we LL 
Lage sd S _ 0 ve 9E OL 
Cnr L E ia sy 0 2 O01 6 
Sl ny = 0 0°6L 0°6 8 
0°65 ey Gas Oo 0 S° LP L 
=peek L’8 Gwe | 6°cl 0 # OL 9 
G Pe L°O cu) oe 0 O'S S 
ara) * 8°€ 0 8°OL 8° ev v 
b°0Z o°l el 0 b'Sl 9°89 € 
oat O°Z v°6 0 5 co & OL é 
ob 6°eL Lee | 0 6°S 0°6S L 
(asealau 4%) (aseajau %) (asealeu 4%) (asealau %) (asealau %) (asealau %) 4dxq 
OJ414 UL YSeW (ysau4) (ysedj4)  auNZLN anssty dUnyLN) anssly OXZ.2A UL YSEW + 


+ uaatds vad Uuaalds 9/q,eg uaalds ya uaaltds 9/qpeg uaaitds yao LeuMoN  udaelds Yq) LewuoN 
yUeUS[O]L | PWAON 


2.ft 
eff 
p.0% 
$.S8 
¢.0t 
é.af 
0.2 
é. fi 


2.37 


(sgsofer F) 


sword 
aNoJ 
TS . 
7y* a4 
“ + 


? 
meotqe a\disé 
(tesv3 
(szesfen 2 


e.e) 
0.4% 
S.f 


nastq2 Ag> 
Sate 


(deey? 
sfsv f 


= 
} 
a - 
7 - 
8.S- 0.f 
. * * . 
ort 2 it “J mISICD su 
hes > 82 as ion 2h 
[0 AS) 5 ; 
> ir £ TON 
o a 
6m 3\dl 6 1h SG 
b ry r? ~ ‘i “4 
of i . >") 1 UU 
lade 7 > 


- ansto2 a\disa 
awitud sue2tT 
(szssfo7 2) 


Tear 


0 
0 
0 
0 
E 
S 
i 
i 


1260 a hat n> ? Ag} 
‘ ve od + ABD 
f2em ortie ne 4 SES 


‘tivitos feo 
s2se'er lejet bedvevned 
of? bos Té rion mee? z'fso 
s2neze19 sat of bomeigs 

vitos wal Tt tet bajzeg 


105 


present in the tolerant animal, preventing graft destruction. That 
graft adaptation is probably of little significance has been suggested 
by the studies of Stuart, Fitch et al (1971) and Warden, Reemtsma et al 
(1973). Allografts which enjoy permanent survival following homologous 
antiserum treatment in the rat are normally rejected upon transplantation 
into a secondary untreated recipient. 

This work agrees then, with the findings of the Hellstroms 
and colleagues, referred to earlier. Criticism of experiments in which 
similar immune reactivity has been demonstrated in animals bearing 
permanent functional grafts may, however, be possible. One might 
suggest, for instance, that immune reactivity towards graft antigens 
in such animals, though demonstrable at a time long past that expected 
for graft rejection, eventually wanes and disappears. In other words, 
for permanent graft acceptance, classical enhancement phenomena may be 
a stage preceding the development of central tolerance. There is 
certain evidence suggestive in this regard. Thoenes and White (1973) 
studied rat renal allograft survivors established by initial postoper- 
ative treatment with homologous antiserum. During the long course of 
allograft recipient survival, there was a slow decline in demonstrable 
antigraft antibodies. Subsequent to this, skin allografts (histocom- 
patible with the initial renal allograft) were accepted by the animal, 
suggesting that a state of auto-enhancement is followed by specific non- 
reactivity. Similarly Marquet and van Bekkum (1973), studying enhanced 
heterotopic heart allografts in rats, found that the antidonor activity 
of peripheral blood lymphocytes was inconstant, depending on the time 


of graft survival. Unmodified or increased lymphocyte reactivity was 
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followed by a loss of reactivity, suggesting that, at least for the rat 
strains involved, graft survival is temporarily associated with a 
central failure of the immune response. Following this train of 
thought then, reduced alloantigen reactivity in heart graft tolerant 


mice, could be apparent at a later stage of survival. 
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CHAPTER IX 
TOLERANCE TRANSFER WITH LYMPH NODE CELLS 
A. Introduction 


The normal reactivity of splenic lymphocytes in heart graft 
tolerant animals suggested that either cellular or humoral immune 
mechanisms were thwarting an expected rejection response. There are, 
in fact, several studies which suggest that tolerant lymphocytes or 
products of tolerant lymphocytes may interfere with an expected immune 
response. As mentioned earlier, Nisbet (1971) has produced tolerant 
mice by an eight week period of parabiotic union. Spleen cells from 
adult CBA mice (carrying the T6 marker chromosome) rendered tolerant 
to (CBAxC3H)F; hybrid mice by long-term parabiosis were injected into 
newborn syngeneic animals. This injection rendered the newborn CBA 
mice tolerant to a subsequent (CBAxC3H)F, skin graft, placed in the 
neonatal period. A small fraction of noninjected animals reacted simi- 
larly, however, and retained F, skin grafts, apparently due to the weak 
antigenic differences involved and, perhaps, recipient immunologic 
immaturity. The studies of McCullagh (1970;1972) are, once more, 
encouraging. Rat hosts tolerant to sheep erythrocytes render normal 
syngeneic lymphocytes specifically tolerant. Tolerance to sheep 
erythrocytes could be effected by parabiosis of tolerant and normal 
rats or by the transfer of cell suspensions from a tolerant donor to a 


normal recipient. Thoracic duct lymphocytes and spleen cells from 
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tolerant donors were highly effective in transferring tolerance, but 
bone marrow cells were completely lacking in this capacity. McCullagh 
hypothesized that a population of cells is tolerant because it contains 
tolerant cells in which a particular reactivity has been repressed; so 
called repressor cells. 

If immunological tolerance is an active state of repression 
im vive, it would be predicted that tolerant lymphocytes might transfer 
this effect on exposure to (1) the tolerogen (i.e. the heart graft) and 
(2) sufficiently small numbers of relevant immunocompetent cells 


(i.e. the irradiated mouse repopulated with syngeneic bone marrow). 
B. Methods 


The lymph node tissue from accessible sites (axillary, mesen- 
teric and inguinal sites) was removed from Balb/c heart graft tolerant 
CBA mice at the time of sacrifice. As outlined inChapter II, a lymph 
node suspension was obtained. Lymphocytes thus prepared were suspended 
in Leibowitz solution and injected in variable numbers (1-10x10® lymph 
node cells) into irradiated (950R), cardiac allografted syngeneic 
recipients which received, in addition, a reconstituting inoculum of 


0.1x10© normal bone marrow cells. 
Cy tResults 


Table 6 depicts the results to date. With tolerant donor 
animals derived as outlined, transfer of tolerant lymph 


node tissue in relatively small numbers of cells has been immuno- 


etts yl dptd stew 2v0n0d tnarefot . 
ae 


atolqmoo syaw ef {so worren snod 
7 s 


to notisluqoq & ted? besteshioqye 


4 — . P « Puta 
c : "60 6 fOTtiw At 2TiTeo Inow +p 


oa 
.2ifes woezsvqet bolita 


radmin I fome yfinotolttue i 
. 


ion batstberit say O68 


: Lf {em te one ; vpn ' DAS oF ~ 
‘ ’ | : \ an FSF ‘ 5 ont 4 rl én af Ber 
; tr yf - eZ ‘it 82 TO Siig St 3 46 FS mm Pua 


.benisido zew aofensge ua 


of. 

Yo mlusont pattustienossy «6 .notytbbs at shovieoe, ftp Friw zinetqtoy 

wee « ; 2 y av 

. zffso wore m 90 Te mon * 

a 45 oie salte 
ye eet me 7 


A. 


109 


uaa_ds uo (N77) apou ydwA; yuevs_o7 + MOuweW aUOg YILM pazeindode so1LW 


pazseubo, pe payelpeuuy *sazAooydwA| jUeUal[OZ YZLM BdURUa[O1 JO Uassueu] 


*a7ep 02 ZUaSaud AZLALZOR YJeUD « 


e-=s... 


cl OL 8 9 p 4 


(L[PwLue auo sjUaseideau aul, yore) 
SY99M UL LeALAUNS 4Jeubo| Ly 


*Uapuo LeOLBOLoUOUYD UL palgez due szUauULUuadXxy °S|]ad 


S|, [ao uvatds 


S[ Lao uaelds 


S| [a0 
S[[ao 


NI 
NI 


90 L380 1 
90L*0°S 
90L*v°9 
90L*9'S 


SLL99 NT 9OL*L 


S| [90 


S| ao 


S| [90 
S| [a0 
SL [a0 
S| [90 
S| [ao 


S| [a0 
S| [a0 


N90 1L%2°9 
NieoOL*o° 9 
N1 90L*0°6 
NT 90Lx2°Z 
N1 90L*8°¢ 
NT o0Lx0°9 
NY gOLx8°L 
NT 90L*S-¢ 
N1 ,0LxS-2 
Podas Sued] 


SL La) JUeUaLO] 


"69 Adv L 


$pazoeCau ep SE ‘pozPeulwua} JUusWLusdxXje® 


N1] zued4ea1[o2 JO Uossueul 
NJ] JZUeue1 0} JO Uassueuy 
N1 }uUevaL0Z JO “assueuy 
NJ] FUuUe4aLOZ JO Uassueuy 


MOAARU BUOG pazeReU} 
g-1LZUe Y4LM UOLINZLYZSUOD2Y 


NJ gueuajloz Jo uapsueul 


Usal[dS pazeauz e-L ZUR 
YELM UOLINZLZSUOIIY 


quauZeo4u} WNuaslzue 
9/qieg bjue ya 

N1 }uUe4a[0} JO Uapsueul 
NT 2URUBL0O2 JO UasSueaL 
SnwAyi + MOWWeW BUOdg 
uoL}euRdas yndeys 


Jusul7Zes4z WNUasLzUR 
o/q_eg Lzue qiqqey 
uoLzeuedas yndes 


[eWLUY ZURUaLO] 
$0 UOLZRALUAG 


al 
EL 
cl 
LL 


OOS Tis, copnm 


yUawW LUadxXy 


a? ’ ‘aviv yi : i 
ras ano “adhaesros . 
ga 


r an ee - _——7 y Po ee _ 

aw Oe Og as —e & Se er te = ee eet et ee A > 7 ? 
: ee iidheaseasitestaaidiol ‘sffan HI POT ° 
“= t er oe 21169 fi V so 


c= 


\ ee he at a Ee ee et et oe ee ee ee et 


a 

t 
— 
_ 
w 
i. 
ey 
> 
fu 
i 
mM 


1 
: 
' 
; i | 
>----~— ee ee ee ot dee hen co eee ° ws om ww aff wt L o-f 
i e'ived - a 9 
t i \ 
eee a " | aTt t+ OAefh 2 
: e:iag : Ve’ 
i j : . 
a r - * 
~~ — — = —p oe o = _— ~ i 1 é set 
* . 2 i a | y 
‘ 
> 
SS me - o = a r - _—- , T ae , af) f ‘a ¥ 
: ; : Fi - - a « 
“| - - lee - = = on aa { ~ P 
: - i 
' 
| 
: 
eal al ~~ - r 
- / 
= ome , ¢ . te 


an ie 
- . - ‘ + aaa ¥ 
‘ ; J tre svato TY 7 

Ps a 

J tasyslot to et 


a 
| | ay Stew pe sheds 
. “= 
: faz tw 30 revel _— 
. 1 snod ny tw a? oO 
sfded ove atnemh oa 
a 1 - 


du 
vs. 
: 


110 


Suppressive in every instance thus far. Eight animals reconstituted 

with syngeneic bone marrow and tolerant lymph node cells have become 
permanently graft tolerant (defined as >12 week survival of the allo- 
geneic heart). A remaining five animals continue to exhibit graft 
activity at the time of writing and two animals, given 1 and 5x10 
tolerant spleen cells with syngeneic bone marrow continue to show 

graft survival six weeks post-irradiation. In only one instance has 
functional allograft activity stopped and this occurred nine weeks post- 
irradiation. Since, with bone marrow reconstitution alone mean rejection 
occurs within 4-5 weeks post-grafting, transfer of tolerant lymph node 
‘cells confers a definite and highly significant immunosuppressive effect. 
Control experiments (11 animals) in which lymph node cells in small 
numbers were derived (5x10© cells) from normal animals have demonstrated 
that, in fashion similar to whole bone marrow reconstitution alone, 


rejection of the cardiac allograft occurs within five weeks post grafting. 
D. Discussion 


Transfer of small numbers of tolerant lymph node cells, in the 
system described, permits prolonged and, in most cases, permanent 
(>12 weeks post-irradiation) allograft survival. The mechanism whereby 
this effect is achieved remains obscure. The transferred lymph node 
cells may produce a serum blocking factor which prevents immune 
destruction of the graft, at least in the initial post-transplant period. 
Alternately, the suggestion of McCullagh (1970a) must be considered, 
i.e. tolerant lymphocytes can functionally repress normal (immuno- 


competent) lymphocytes, such as would occur in the regenerating 
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lymphoid system of the irradiated reconstituted mouse. This repression 
could, conceivably, be effected by the production of circulating 
humoral factor (blocking factor mediating central enhancement?) or 
might require direct interaction between repressor (tolerant) and 
normal cells. 

While the bulk of evidence would favor humoral factor produced 
by tolerant lymphoid tissue as the most likely mechanism for tolerance 
transfer, there are other data which suggest that cell populations 
can themselves suppress or antagonize the response of another cell 
type. A tolerant cell in this event, could, for instance "turn off" 

a specific immunocompetent cell. Gershon, Cohen et aZ (1972) have 
found, in this regard, that histocompatible thymocyte populations can 
interact in a negative fashion, suppressing antigen induced immune 
reactivity. Allison (1971), Jacobsen, Herzenberg et al (1972) have 
similarly attributed other types of immune suppression to the direct 
influence of thymus derived lymphocytes. The latter authors, for 
example, showed that chronic allotypic suppression in mice was an 
active process: repopulation of such mice with nonsuppressed syngeneic 
spleen cells did not result in the expression of the pertinent allele. 
Alternately, when spleen cells of suppressed mice were transferred 
into normal irradiated hosts there was a short term period of produc- 
tion of the pertinent allele, indicating the existence of progenitor 
cells. Synthesis of the suppressed allotype terminated within several 
weeks. Evidently the spleen cells of suppressed animals contained not 
only cells capable of expressing the allotype but, in addition, a 


population of cells capable of preventing progenitor cells from 
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expressing their potential. Whether the suppression was exerted by 
direct cell to cell interaction or due to a humoral factor was unclear. 

Phillips and Wegmann (1973) have produced more definite 
evidence for direct cell to cell interaction as a means of suppressing 
immune reactivity. Spleen cells from tetraparental mice did not respond 
to parental cells tm vitro and, in addition, were capable of preventing 
immunocompetent parental spleen cells from responding either to the 
opposite parent or to the tetraparental cells themselves in mixed 
lymphocyte culture. This agreed with the earlier observations of 
Ceppellini (1971) that maternal cells could suppress the proliferation 
of paternal lymphocytes in response to newborn cells in mixed Tympho- 
cyte culture. 

A number of experiments in rat chimeras do not provide evidence 
for cell to cell suppression as a mechanism of tolerance. For example, 
Wilson and Nowell (1970) found that the addition of Balb/c tolerant 
thymus cells did not diminish the tn vitro sensitization of spleen 
cells to Balb/c alloantigens. As the previous discussion suggested, 
perhaps an alloantigenic stimulus to the tolerant animal prior to thymic 
cell harvest, could induce demonstrable suppressor cell activity 
tn vitro. Search for a serum blocking factor in the sera of tolerant 


animals is the subject of the following chapter. 
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CHAPTER X 
THE HELLSTROM ASSAY AND SERA FROM TOLERANT MICE 
A. Introduction 


Chapter I dealt in some detail with the work of Karl and 
Ingegard Hellstrom and associates. Hellstrom and Hellstrom (1970) 
published evidence that lymphocytes of tumor bearing patients are 
cytotoxic towards their tumor cells, but under certain circumstances, 
a serum factor may annul their action. This work has since been 
extended and now contends that the prolonged or permanent survival of 
an allograft or tumor is due to the specific immunosuppressive effect 
of a serum blocking factor, probably composed of graft derived antigen 


and antibody, preventing potential lymphocyte attack. 
B. Materials and Methods 


The details of the Hellstrom assay have been documented in 
Chapter II. Briefly, target mouse fibroblasts adhere to the bottoms 
of microtest wells and can be subjected to the specific cytotoxic 
activity of lymphocytes sensitized against target cell alloantigens. 
Hellstrom, Hellstrom et aZ (1971) have demonstrated that addition of 
serum containing blocking factor to the fibroblasts, for as little as 
30 minutes, will subsequently prevent killer cell activity and fibro- 


blasts survive incubation. 
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C. Results and Discussion 


Sera from normal CBA mice and CBA mice tolerant to a Balb/c 
heart graft were exposed to Balb/c fibroblast monolayers. The fibro- 
blasts were subsequently subjected to immune attack by CBA spleen cells 
which had been sensitized tn vitro, by 96 hour incubation with Balb/c 
mastocytoma cells. In an initial experiment 0.1 ml of serum (diluted 
1/5-1/7) was plated onto the fibroblasts (Table 7). In the presence 
of both normal serum and tolerant serum from five animals at this 
concentration, the sensitized CBA spleen cells effected significant 
Fibroblast killing, compared with control fibroblasts exposed to cul- 
tured Balb/c spleen cells. In other words, the serum from tolerant 
animals did not block the cytotoxic activity of sensitized CBA spleen 
cells. 

In a subsequent series (Table 8) tolerant sera from a further 
five animals were added (0.1 ml of a 1/8 dilution) to fibroblast 
monolayers 30 minutes following the addition of 1x10° sensitized spleen 
cells or control Balb/c spleen cells. The sera from both normal and 
tolerant animals in this experiment were not subsequently decanted, 
but incubated with lymphocytes and fibroblasts for 17 hours. Again 
specific killing of the target fibroblast upon presentation to a specific 
lymphocyte was. not prevented by the presence of dilute tolerant serum. 

These results suggest that blocking factors are not present 
in the serum of tolerant animals in the cardiac allografted mouse model. 
There are, however, other considerations. The sera used in these 


experiments was dilute and more concentrated sera might reflect blocking 
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activity. Alternately, if one considers that blocking factors act 
centrally to prevent expression of killer cell activity, the amount 

of blocking factor detectable in serum may be greatest at the time 

of expected rejection. Once central immunosuppression, or even peripheral 
enhancement phenomena had been effected, there would be very little 
need for excessive amounts of this factor in serum. Further, the pres- 
ence of blocking factor may be antigen dependent as well as time depen- 
dent. The relatively small cardiac allograft (which does not elicit 
spleen cell sensitization detectable zn vitro) may require only small 
amounts of humoral factor to prevent cell mediated immunity. Perhaps 
augmenting the antigen load by a repeat cardiac allograft prior to 
serum assay would elevate blocking factor activity. 

The situation may even be akin to that of naturally occurring 
tolerance to self antigens. The irradiated animal repopulated with 
stem cells bears similarity to models of ontogenic development. Burnet 
(1972) has recently observed that his "forbidden clone" hypothesis has 
not yet been proven as the correct explanation for naturally occurring 
self tolerance. Micklem (1971), Cohen, Globerson et aZ (1972), Cohen 
and Wekerle (1972), Pierce (1972), and Yung, Diener et aZ (1973) have 
shown that “forbidden clones" may indeed exist in normal animals. 
Blocking factors in this regard have not yet been demonstrated; they 
may not occur in nonchimeric animals tolerant to naturally occurring 


"self" antigens. 
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CHAPTER XI 


TOLERANCE AND TRANSPLANTATION OF THE 
FETAL HEART: A SUMMARY 


This concluding chapter will briefly (1) summarize the work 
presented in the thesis, (2) suggest further relevant studies, and 
(3) attempt to reconcile the observations of this thesis within 


current hypothetical considerations. 
A. Summary of Thesis Content 


Allografts of fetal cardiac tissue into the subcutaneous ear 
tissue of syngeneic or allogeneic mice provide a convenient and precise 
model" for studying transplantation immunity and the induction of 
tolerance in vivo. Functional graft activity can be followed precisely 
by specialized electrocardiography and visual observation. The model 
is consistent with basic immunobiologic concepts. Syngeneic grafts 
are accepted permanently while allogeneic grafts are rejected within 
a specific time interval and exhibit characteristic histopathology. 
Repeat allografts, moreover, elicit an anamnestic response with 


accelerated rejection. 


a A  e 


* Appendix III documents another use of the graft model. Balb/c hearts 
were deep frozen (-196°C) and subsequently rewarmed by microwave 
thawing (Mr. R. Rajotte). They were subsequently grafted into syn- 
geneic mice and monitored by the author. Frozen hearts were tolerant 
to deep hypothermia and microwave thawing and subsequently established 
functional graft activity. 
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In vivo function of the allografted heart is a most precise 
indication of transplantation immunity. The fetal allograft heart does 
elicit the production of humoral cytotoxic antibody but this does not 
occur in accord with rejection. There is little evidence for spleen 
cell mediated killer activity in vttro following single cardiac allo- 
grafts. 

Tolerance can be produced tn vivo across a major histocompat- 
ibility barrier. This tolerance is unique in that it is induced in the 
adult mouse, does not involve F, to parent grafting or establishment of 
lymphoid chimerism. The model for tolerance induction involves the use 
.Of an adult CBA mouse subjected to lethal irradiation and given a 
Balb/c cardiac allograft. If such mice are repopulated with syngeneic 
whole bone marrow or spleen, allograft rejection occurs within 4-5 weeks. 
Several methods can produce allografts which survive beyond 12 weeks 
and mice bearing such allografts are considered tolerant. The stem cell 
rich fractions of spleen used to reconstitute irradiated allografted 
mice will permit smal] numbers of cardiac allografts to survive, even 
in the presence of whole bone marrow. Spleen cells subjected to velo- 
city sedimentation separation may be more amenable to separation of 
stem and immunocompetent cells or, alternately, the spleen cell fraction 
rich in stem cells may contain a subpopulation of spleen cells with 
immunosuppressive activity. Tolerance can similarly be produced by 
treating animals post-irradiation with short term injections of homol- 
ogous antisera and the IgG fractions of these sera. 

Animals which reject an alloqraft heart following irradiation, 


reconstitution etc. quickly destroy a repeat Balb/c graft and are thus 
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immunocompetent. Mice tolerant to a Balb/c fetal heart are similarly 
immunocompetent: spleen cells from such animals react in vttro with 
the H-2 alloantigens of the graft and become sensitized killer cells. 
Despite demonstrable alloantigen reactivity in vitro, lymph node cells 
taken in small numbers from Balb/c tolerant animals specifically transfer 
tolerance upon injection into secondary recipients. The mechanism 
whereby this transfer is effected is unclear. The most recent and 
abundant literature would favor the production of humoral blocking 
factor by transferred lymphocytes. Certain other evidence suggests 
that tolerance induction and specific immunosuppression tn vivo may be 
active processes and involve direct contact of tolerant (repressor, 
suppressor?) and immunocompetent cells. Apparently these mechanisms 
are not mutually exclusive; both may operate and their identification 
may depend on sensitive assay systems, In experiments performed thus 
far with sera from tolerant animals, blocking factor has not been 
evident since dilute sera did not prevent the cytotoxic activity of 


CBA-killer cells on fibroblast monolayers of allograft H-2 identity. 
B. Future Approaches 


The work described in this thesis has established several 
points of key interest. Allograft tolerance in the adult mouse can be 
obtained without lymphoid chimerism. The tolerant situation persists 
in the presence of alloantigen responsive cells and, further, tolerance 
can be transferred by tolerant lymph node cells. The nature of research 
is such that once a point is made, the unknown becomes more obvious, 


questions abound and suaqgest future work: 
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1. Humoral Aspects 


a. Are allograft directed cytotoxic and hemagglutinating anti- 
bodies apparent in the sera of tolerant animals? 
b. Is blocking factor evident in tolerant animals using 
(i) more concentrated sera 
(ii) prior alloantigen stimulation, e.g. an additional 
allograft some days prior to serum assay 
(iii) heart cell fibroblast monolayers as a target cell. 
c. Is blocking factor present in irradiated allografted mice 
given tolerant lymph node cells (clonal expansion of 
relevant cells)? 
d, Can the sera of tolerant mice prolong graft survival in vivo, 
such as administration of homologous antiserum to the 


irradiated, allografted, marrow reconstituted mouse? 


2. Cellular Aspects 

a. Do lymph node cells from tolerant animals suppress mixed 
lymphocyte cultures (or other short term intercellular 
interactions) between recipient and graft strain lymphoid 
cells? 

b. Do lymph node cells cultured tn vitro lose their capacity 
to transfer tolerance? 

c. Do lymph node cells cultured tn vitro in the presence of 
alloantigen retain their ability to transfer tolerance? 


d. Is the suppressive activity of tolerant lymph node cells due to 
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the presence of T cells? Does anti-¢6 treatment remove 

the capacity of lymph node cells to transfer tolerance? 
Does alloantigen recognition in vitro eventually wane in 
allograft tolerant mice? 

What happens to tolerant lymph node cells in the irradiated 
mouse in terms of number and geography (T6T6 marker 
studies)? 

Can allograft tolerance be broken by injecting syngeneic 


or allogeneic lymphocytes into tolerant mice? 


Graft Studies 


Would allografts which cross react (share a number of 
alleles) with long surviving allografts enjoy prolonged 
survival? 

Does heart allograft tolerance confer tolerance to H-2 
identical skin allografts? 

Does removal of a graft from a tolerant mouse produce 
normal reactivity to a second allograft placed some time 
thereafter? 

Do thymic grafts from tolerant mice, placed in previously 


thymectomized recipients promote tolerance induction? 


Is neonatally induced tolerance characterized by alloantigen 


recognition <n vitro and can lymph node cells from animals 


svomes tcendse tt O-hina 2900 Telffss T to sonezeva one 
gone vslod ystensw of elisa sbhon dgmyl to yslséqep siz 
anew yl loutneave oxtiy nd nofdtagesss mspizasolis 2000 .9- 
Toorm jnwietod frewoells 
bev1f ond at 2ffeo sbon dqmy! Ineislo? OF 2ensqaen Jan -.7 ‘ 
rsivsm 3787) yiqsipesp baé yedmur to aaris? af Sevan . 7 
{(zetbuse fy 
tnt yd astow od sonsvel od Prsrp0lts me) <p 
faotm insvelfod otal 2atyocodamy!’ Stsnepolis vo 
esthut2 JVene see ; 
S 


s etni2?) fosey e201 Aotdw ettevpolts BIVOW ..5 


eltsypolls onfvtvive onal aitw (eatelté _— 
Tlavivwe 
2¢ gonsislot  stnoo sonsvelos Fietpolle Ivean ze00  .d - 


f2iterpolfa ntle tsoidnebt 
saubo tc s2zvom ftaaielot 6 mov? tarp 6 To fevomey 2600 a. 


emt? smoz beos!q tte wolls beosse « of yttvtiose7 [erwn 


123 
rendered thus tolerant transfer tolerance? 
Is adult induced irradiation chimerism associated with 
graft tolerance only as long as the state of chimerism 
persists (T6T6 marker studies) and are blocking factors 


more demonstrable where lymphoid chimerism exists? 


C. Hypothetical Considerations 


Examination of the work described in this thesis must attempt 


to resolve certain data. 


EL 


The 


Stem cell enriched fractions of spleen, but not bone marrow, 
will permit prolonged and even permanent heart allograft 
survival when used to reconstitute irradiated allografted 
mice. 

Irradiated, allografted animals reconstituted with whole 
bone marrow reject their allografts within 4-5 weeks. 
Permanent heart allograft survival can be achieved with 
short term discontinuous administration of homologous or 
heterologous antisera, or the IgG component thereof. 
Lymphocytes from tolerant animals, exposed to alloantigens 
in vittro, respond to them and become sensitized killer cells. 
Lymph node cells from tolerant animals will transfer toler- 
ance to secondary graft recipients. 

following hypotheses may be considered: 

Immunocompetent cell precursors are present in both bone 
marrow and spleen and these are present throughout the 


velocity sedimentation spectrum of lymphocytes. Fraction- 
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ation procedures can only enrich the relative numbers of 

stem cells per fraction; stem cells alone cannot be 

isolated. The large cell fraction of spleen (sedimenting 
at a rate >4.5 mm/hr) contains many stem cells and immuno- 
competent precursor cells. In addition, however, it 
contains a subpopulation of thymus derived cells, not found 
in bone marrow, which have specific immunosuppressive 
activity and may be called suppressor T cells. It is the 
selective operation of this subpopulation of cells which 
can prevent emergent immunocompetent cells in both spleen 
and bone marrow from effecting graft rejection. 

2. Antiserum treatment of irradiated, allografted animals 
reconstituted with whole bone marrow (containing immuno- 
competent cells) permits: 

a. Graft survival due to enhancement type phenomena (per- 
ipheral enhancement; antibody mediated suppression of 
the immune response). 

b. Graft survival due to effective removal of the immuno- 
competent cells that mediate graft rejection. 

c. Accumulation of that subpopulation of thymus derived 
cells with suppressive activity (suppressor T cells). 

d. Accumulation of humoral factors (blocking factors). 

Once the short term antiserum treatment is finished, the 

combination of suppressor T cells and blocking factor may be sufficient 


to overpower immunocompetent cells responsive to graft alloantigens. 
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The relationship between suppressor T cells and blocking factor produc- 
tion is unclear. Suppressor T cells may bear a specific immunoglobulin 
type of receptor with avidity for circulating graft alloantigen. The 

T cell bearing antigen may be directly immunosuppressive by presenting 
antigen to relevant immunocompetent cells in a manner sufficient to 
elicit the Diener-Feldmann phenomenon with subsequent unresponsiveness. 
Suppressor T cells may provide the information to relevant B cells for 
specific antibody formation. This antibody, coupled with free allo- 


antigen (perhaps T cell derived) constitutes humoral blocking factor. 


3. Spleen cells from tolerant mice respond to alloantigens 
tn vttro since they are effectively removed from the 
immunosuppressive mechanisms operative in vivo. Blocking 
factor is removed by the conditions of cell culture and the 
excess of alloantigen under culture conditions overrides 
the activity of suppressor T cells (most likely peripatetic 
in vivo) and directly stimulates immunocompetent cells. 

4, The lymph node cells of tolerant mice contain suppressor 
T cells. Their transfer into an adult irradiated animal 
given small numbers of bone marrow cells provides ample 
time and room for their multiplication in the presence of 
alloantigen. The numbers of such cells are sufficient to 
override the small inoculum of immunocompetent cells in 
the bone marrow and display their suppressive activity. 
There are bone marrow cells present in the inoculum with 


which they can interact to produce humoral blocking antibody. 
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The summation of these events produces specific tolerance 
tn vivo, and the allograft is not rejected despite demonstrable immuno- 
competent cells. One may postulate further, that given sufficient time 
the initially stimulated clones of immunocompetent cells will fall 
susceptible to circulating complexes of antigen and antibody and will 
be removed from the responsive cell pool via receptor interlinkage. 
The above hypothesis stresses the delicate balance between tolerance 
and immunity in terms of antigen, antibody and immunocompetent cells. 
The experimental tests for its validation are entirely feasible. It 
may well prove insufficient, or incorrect, but the focus imposed by 
such postulates can only further dispel the mysteries of transplantation 


tolerance. 


tlowge encubo 1g 2inevs sean? Yo nokianaue ant 4 
o{dextenonsb aghaesh bsiosie don at S¥evpolla ot bas ott ne 
vio tsdy ,ratrw? stelutzog yan on0 .eris> saat veg 
trafeqecnonumt to zens hed alunite elTatotat, oft 


raptias *o eaxelqnoo ontisivaris of shdtaqgs 


; 3 svtecoqesy ets mov? Devons 
eal 
a9 | suneled sfisatfob sdf 2ea2ze 2 zfzontoqyn 9vod6 uM 


naptine to anmet nt yo ioe 
ov ari vol 229% Tsinemtieqne oF 
4 "43 7 
1c 1) ,sostottiveat svowg Pisw u 
+ fagetb sedd~ww? vino nen estetuteog_ ee 


«SING TS 


7 7 
eens) Bee 


‘ 
- 
o 
j 
> 
F 
d P e 
yy i ‘ 44 ag % : j p 
7? f a, 
: : ' - ff tad org ras ‘ 
: of “A 
. 7 } q 
i \ is 
e 
a 
ie] | 
ie “ 
es . 
al » 
‘ i 
‘ 
‘ 
me » 
= 
¢ 
'h— ; ‘i , 
4 ~~ ‘tr, ws ae P 
= 
ane 
; . " ’ ‘ 
¥ 
‘~ 


4 rome nel veal wen Gigi NALS 


- ; ’ cet ts AS Wee : > ng a 


ws, &. ae Ena ‘. ak \y ¢i : 7 7 7 -@ rv . nae j Sto wel tore Fhe 
: ‘tpleceat ries) ie Atte rina? ge tteit rere, nase 4 von 
cytes, 1S gh) of : ‘ > oh we By ig 7 gy 


ae 


ae 
wid " ata read 


23 DW95R9Z99R 


128 


ADA, G.L., NOSSAL, G.J.V., PYE, J. and ABBOTT, A.: Antigens in 
immunity. I. Preparation and properties of flagellar antigen 
from Salmonella adelaide. Aust J Exp Biol Med Sci 42: 267, 1964 


ADA, G.L. and PARISH, C.R.: Low zone tolerance to bacterial flagellin 
in adult rats. A possible role in antigen localized in lymphoid 
follicles. Proc Nat Acad Sci (Washington) 61: 556, 1968 


ALLISON, A.C.: Unresponsiveness to self antigens. Lancet Cima oe 


AMATO, D., BERGSAGEL, D.E., CLARYSEE, A.M., COWAN, D.H., ISCOVE, N.N., 
McCULLOCH, E.A., MILLER, R.G., PHILLIPS, R.A., RAGAB, A.H. and 
SENN, J.S.: Review of bone marrow transplants at the Ontario 
Cancer Institute. Transplant Proc 377397 ad97 


AMOS, D.B., COHEN, I. and KLEIN, W.J.: Mechanisms of immunologic 
enhancement. Transplant Proc 2: 68, 1970 


ARMSTRONG, W.D. and DIENER, E.: Immunological tolerance to a purified 
protein antigen tn vittro. Transplant Proc 12361951969 


ARMSTRONG, W.D. and KRAFT, N.E.: The early response of immunocompetent 
cells as analyzed by velocity sedimentation separation. J Immunol 
UE ARTOIS: 


ATKINS, R.C. and FORD, W.L.: The effect of lymphocytes and serum from 
tolerant rats on the graft-versus-host activity of normal lympho- 
cytes. Transplantation 13: 442, 1972 


BALDWIN, R.W., PRICE, M.R. and ROBINS, R.A.: Blocking of lymphocyte- 
mediated cytotoxicity for rat hepatoma cells by tumor specific 
antigen-antibody comptexes. Nature (in press), 1973 


BARKER, C.F., LUBAROFF, D.K. and SILVERS, W.K.: Lymph node cells: 
Their differential capacity to induce tolerance of heart and skin 
homografts in rats. Science 172: 1050, 1971 


BARNER, H.: Perfusion and freezing of the rat heart. In: Organ 
Perfusion and Preservation. Edited by J.C. Norman, Appleton 
Century Crofts, N.Y., 1968 p 717 


613 worrsn onod to watval :,2.0 Wa 


q nev? .etustzen! waons2 
rf 59" : ¢ “ 4i3 , DAB i eM3HOD » 8.6 ea 
‘ef .83 3:8 sov9 Josloaene xT .Snemaoasiae © 


ora Pip 
| ' .1 ,A30210 bos .0.W ,QnORT CHAR, 


inelaens wnt ies xb floptine r fator" 


ot? +:.3.4 , TIAA bos 0.8  OMORTEMBA 

92 yitoolev yd besylens 26 efigs ae 

evel ,tel otf 

_—— 

mort muis2 bas 2e¢vood : 9stio afT +:.J.W-,Q809 bose .3.8 ch A 
a3? ao 276% tns afod : 

Sver Sap of notretnslqenert .299Y5 


- 


muti vi iz: TION uv ott sO Ve Cc 7¥~J 2 tT} 


f Yo pntdnol@ :.A.9 zmn8on a4 AK , 30188 WA MIM JAS 
aq2 Yomus yd 2ffa0 gpa il 0? ys fotxosasyo besstoen = a 


’ eee: tine ‘ © as - ng 3 ay ues - ine 


eo 


129 


BASTEN, A., MILLER, J.F.A.P., WARNER, N.L. and PYE, J.: Specific 
inactivation of thymus derived (t) and non-thymus derived (B) 
lymphocytes by !2°I labelled antigen. Nature New Biol 231: 
104, 1971 ee 


BILDSOE, P., FORD, W.L., PETTIROSSI, 0. and SIMONSEN, M.: GV4 analysis 
of organ-grafted rats which defy the normal rules for rejection. 
Transplantation 12: 189, 1971 


BILLINGHAM, R.E. and BRENT, L.: A simple method for inducing toler- 
ance of skin homografts in mice. Transplant Bull 4: 67, 1957 


BILLINGHAM, R.E., BRENT, L. and MEDAWAR, P.B.: Quantitative studies 
on tissue transplantation immunity. III. Actively acquired 
tolerance. Philos Trans R Soc Lond (Biol Sci) 239: 357, 1956 


BILLINGHAM, R.E., BRENT, L., MEDAWAR, P.B. and SPARROW, F.M.: Quanti- 
tative studies of tissue transplantation immunity. I. The survival 
times of skin homografts exchanged between members of different 
inbred strains of mice. Proc Roy Soc Biol 143: 43, 1954 


BOAK, J.L., FOX, M. and WILSON, R.E.: Activity of lymphoid tissue 
from antilymphocyte-serum treated mice. Lancet 1: 750, 1967 


BOREL, Y.: Induction of immunological tolerance by a hapten (DNP) 
bound to a non-immunogenic protein carrier. Nature New Biol 
200 5100, 319) | 


BOREL, Y. and KILHAM, L.: Carrier determined tolerance in various 
strains of mice. (The role of isogeneic IgG in the induction of 
hapten specific tolerance.) In press, 1973 


BRUCE, W.R., MEEKER, B.E. and VALERIOTE, F.A.: Comparison of the 
sensitivity of normal hematopoietic and transplanted lymphoma 
colony-forming cells to chemotherapeutic agents administered 
in vivo. J Nat Cancer Inst 37: 233, 1966 


BRUNNER, K.T., MAUEL, J., CEROTTINI, J.C. and CHAPUIS, B.: Quantitative 
assay of the lytic action of immune lymphoid cells on °!Cr-labelled 
allogeneic target cells tn vitro. Inhibition by isoantibody and 
by drugs. Immunology 14: 181, 1968 


( ’ norvaeves ga? 

; ‘ ;* sivoonony! - 
rror " f 
1\e POI 


, le " s | ' Aar . , 2 * 
% 74 -», esa ‘ uA son , 20205 
tw eta% Ded teiww-1is070 to 
PRT : nortsins[qensyT 


. 


oF. 4 
: bs . ye Zauawy 
a Tr oa g -MAHOMI I 
; ; TA TOGMON MIA2 TO Bons 


* ' c r _“ ie] ie) aeAiee 
mi m6 .J , \ha gata of¥ Want 108 , 
: 16 f 4ctib t. pall 223 no 7 


' : : a,nnnh tint 
~ : : AR: - rs Petrie 


$ AWATIM ,.4 , TMIAR 3.5 AMON TA 


‘ : 1O ‘ ‘ ard pow a 
fi wrdaz Yo 2emr? 
a! R 10 2ats ite bavdat 


~ . ear 
, : . p> fl gg AY ecu 


voorngay (fins sor? 


: wirIoubai | ; 
ifsso1qg dinsponumest-fon 6 af brad f 
reor .cel =f 


vey «vc: oS > 


uot ev nt sonsialod bentmveteb bape Sad MAH STN bas .¥ ,J3908 
Fe notpoubnt odd ni ol. atsnapozt to efor -sA7) a “to anterse ; 
ai  €8@l ,22090 91 ( sansyslod ait tosqe nadqer ¥ 


wa a or tee Np ey; 


LJ a ata » | 


130 


BRUNNER, K.T., MAUEL, J., CEROTTINI, J.C. and CHAPUIS, B.: Studies on 
allograft immunity in mice. I. Induction, development and an 
in vitro assay of cellular immunity. Immunology 18: 501, 1970 


BURNET, F.M.: The Clonal Selection Theory of Acquired Immunity. 
Cambridge, Massachusetts, Vanderbilt University Press, 1959 


BURNET, F.M.: Role of the thymus and related organs in immunity. 
Brit Med J 2: 807, 1962 


BURNET, F.M.: A reassessment of the forbidden clone hypothesis of 
autoimmune disease. Aust J Exp Biol Med 50: 1, 1972 


BURNET, F.M. and FENNER, F.: The Production of Antibodies. Melbourne, 
MacMillan, 1949 


CALNE, R.Y., WHITE, J.H.O., BINNS, R.M., HERBERTSON, B.M., MILARD, P.R., 
PENA, D.R., SAMUEL, J.R. and DAVIS, R.D.: Immunosuppressive 
effects of the orthotopically transplanted porcine liver. 
Transplant Proc 1: 321, 1969 


CEePPELEINt. Ro: --Old and new facts and speculations about transplantation 
antigens of man. In: Progress in Immunology. Edited by B. Amos, 
Academic Press, New York, 1973 p 973 


CEROTTINI, J.C., NORDIN, A.A. and BRUNNER, K.T.: Specific in vitro 
cytotoxicity of thymus- derived lymphocytes sensitized to allo- 
antigens. Nature 228: 1308, 1970 


CHILDS, J.W. and LOWER, P.R.: Preservation of the Heart. Progr Card 
Dis 1270749),11969 


CHILLER, J.M., HABICHT, G.S. and WEIGLE, W.0.: Cellular site of 
immunologic unresponsiveness. Proc Nat Acad Sci (Wash) 65: 
551, 1970 


CHILLER, J.M., HABICHT, G.S. and WEIGLE, W.0.: Kinetic differences in 
unresponsiveness of thymus and bone marrow cells. Science 171: 
1837541 9711 


AH) bes 3.6 . IMPTTORIO ..C Ja STN <2aMUA. 
bh : ; : . a2 1) ni , 3 T rerent sterpol | 
- 4 r ~ 7 


7 “A q » S, Sve 4 
t bec Ta tnt rs 


updA Yo yvrosdT notsoelte2 faaold sat :. <e rib 
, = . < 
‘Fall gs} 2 V .2dtseurssezemM , aby: des i P.- 


zueuny ofy to sion :.M, 


ow 
; ae 


‘a 9x3 &F t2uA .sesserb snummrojus 


} _ as + sea SDE ~ i 
51 ; O Jronecseesa 


Lee 
rT r " n - ,;7 2 j ae ITT 4 74 
Wk ‘ : 1% ; a 7 ot A185 7 OK, 3ti THW P Rh i] 3M. AD 


: 7 

} J P d-« JUMA «oA, g AWG 7 
yi festqotors1o sft to 235aTts ~ 
Peer TSE <f Sov9 InsiqenayT 


‘osq2 bane 2306t wen bos BIO th . 139999 
wiueml ai e2o7govd sel — to enaphins 
Eve q EXCL .sycY woh 22679 oimebsoA - 


© He - 


oa 


out ru i of f29a¢ ses , AARAURG ons AA AI GHOM . lu era 
-offe of besftiens2 zsty ov! beviveb-eumvdy To y as 


Over ,B0CT <ASS avuseH _.emwept jn 
; a ye «! ad <7 
<treelt ot v0 nottsvyeee79 ayy. 19 ABWO4 bad 5 Ae 


th “Reet. ah 


Pores 


o4 


13] 


CLAMAN, H.W. and CHAPERON, E.A.: Immunologic complementation between 
thymus and marrow cells. A model for the two cell theory of 
immunocompetence. Transplant Rev onde, 6h969 


COHEN, I.R., GLOBERSON, A.. and FELDMAN, M.: Autosensitization 
tn vitro. J Exp Med 133: 834, 1971 


COHEN, I.R. and WEKERLE, H.: Autosensitization of lymphocytes against 
thymus reticulum cells. Science (Wash) 176: 1324, 1972 


COHEN, J.J., FISCHBACH, M. and CLAMAN, H.N.: Hydrocortisone resistance 
of graft-versus-host activity in mouse thymus, spleen and bone 
marrow. J Immunol 105: 1146, 1970 


CONWAY, H., GRIFFITH, B.H., SHANNON, J.E. and FINDLEY, A.: Survival 
of the transplanted fetal heart in the mouse, as determined by 
pulsatile activity. Transplant Bull Sal2 ben) 958 


COOPER, M.G. and ADA, G.L.: Delayed type hypersensitivity in the 
mouse. III. Inactivation of thymus derived effector cells and 
their precursors. Scand J Immunol 1: 247, 1972 


CROSS, R.J. and TAGGART, J.V.: Renal tubular transport: Accumulation 
of P-aminohippurate by rabbit kidney slices. Amer J Phy Hl Give 
181, 1950 


CUNNINGHAM, A.J.: A method of increased sensitivity for detecting 
Single antibody-forming cells. Nature 207: 1106, 1965 


CUNNINGHAM, J.R., BRUCE, W.R. and WEBB, H.P.: A convenient !37Cs unit 
for irradiating cell suspensions and small laboratory animals. 
Phys.Med Biol 10: 381, 1965 


DANILLER, A.I.: Prolonged renal allograft survival in the rat across 
a major genetic barrier without the use of drugs. Plast Reconstr 
Surg 47: 168, 197] 


DAVIES, A.J.S.: The thymus and the cellular basis of immunity. 
Transplant Rev 1: 43, 1969 


patto9 


2tsn 
eer: 
7 


ee. dap mavnas A | 
w craderedel tiene bob enatemnane, Hs 
pa a 


ae 
fom tpalon :.A.3 ,.MOSS9AHD bas’ .W.H WANA 

| fehon A .2ifes worsem bas simy “as >) 
[ ,3e } JnelqznerxT 9208 1d oqmoz0nuomt 3 


7) 


m7 bas MO2AI8050 of. 1 | W3HOD 
we *CEi boM. axg b vrei nr wet 


notsest2tenszosuA> : 6H. .3JRBNIW bas’. Kae 
‘I (dash) gonsin2 .2flso mufuottes eumylh 
: a 


+ Met WAMAJD bas Mo HOASHOZTA bet oi lta) 
; sevom af ySividos tzor-euevav-31s1p to 
Over ,dgbtl set fomumm! & -WOTEM® 


VOMMAH2 ..H.8 .HTIVIIAO ch. Ye 
21 “sor fata? benelqan ext afi? to 7 
»(S! 22 ffu8 tnsfqanexT, .ysivitos sl izeetug’ é 


(t bevsieO +:.4,2.,A0A bee ,d,M A389 ; i) 
ob qumyns to no ktavisoant lll ,seuom 
; :f Tonumnl & baaeo?d P102TU IS 10 \tadd. a 
iucdusy Tenet >. V4 e TRAD BAT: bre me: * ax > 

i tiddsy yd etevuqgtdonims-% Io |” 
ges at 


ue 


ve > 


) : wc ris ‘ 

tob vol Wivittense bezssroni to bodjem A :.L.A ,6 wave h) 

eae! ,aori TOS owsan sh onimre?—ybodtins sfpnate 
= >» aa 


—— ay 


7 


. hit 84 bos 3H at 


— tae f 


132 


DICKE, K.A., van HOOFT, J.I.M. and van BEKKUM, D.W.: The selective 
elimination of immunologically competent cells from bone marrow 
and lymphatic cell mixtures. II. Mouse spleen fractionation as 
a discontinuous albumin gradient. Transplantation 6: 571, 1968 


DIENER, E.: A new method for the enumeration of single antibody- 
producing cells. J Immunol 100: 1062, 1968 


DIENER, E. and ARMSTRONG, W.D.: Induction of antibody formation and 
tolerance tm vitro to a purified protein antigen. Lancet 2: 
1281, 1967 


DIENER, E. and ARMSTRONG, W.D.: Immunological tolerance in vitro. 
Kinetic studies at the cellular level. J Exp Med'129: 51, 1969 


DIENER, E. and FELDMANN, M.: Antibody mediated suppression of the 
immune response tn vitro. II. A new approach to the phenomenon 
of immunological tolerance. J Exp Med 132: 31, 1970 


DIENER, E. and FELDMANN, M.: Mechanisms at the cellular level during 
induction of high zone tolerance in vitro. Cell Immun 5: 130, 
1972a 


DIENER, E. and FELDMANN, M.: Relationship between antigen and antibody- 
induced suppression of immunity. Transplant Rev 8: 76, 1972b 


DIENER, E., FELDMANN, M. and ARMSTRONG, W.D.: Induction in vitro of 
immunological tolerance to the H-antigens of Salmonella adelaide. 
Annals NY Acad Sci 181: 119, 1971 


DIENER, E. and JIRSCH, D.: The future of transplantation immunology. 
Med Clin N Amer 56: 453, 1972 


DIENER, E. and KRAFT, N.: Unpublished observations, 1972 


DIENER, E. and PAETKAU, V.: Antigen recognition: Early surface- 
receptor phenomena induced by binding of a tritium-labelled 
antigen. Proc Nat Acad Sci (USA) 69: 2364, 1972 


DRESSER, D.W.: Paralysis induced in adult mice by small] quantities 
of protein antigen. Immunology 5: 378, 1962 


ns .M,1.b ,TROOW nev , AA | 
(i L6OF ‘foomant to aorven imtts 

2svusxim Lloeo ottadaav’ brs 
isthe atwud!s euounttnos2ib 


~ - 
4 : fh —, 2990 
. ‘ a vit 7oT bh sitom won A lea Awa u 
’ . ’ — rr ‘ fo : 
if Tonmummml & ,2ifeo pafaubowq ~ 7 


pubnl «6:.0.6 ,OMONT2MAA bas 1a SDK 
oq belting 6 of otic nt sonsysfod 
yaer . fest 
d . 4) at’ Yate ‘i . ws 
p }, OFT b4 m a ‘peg bt RA bane . S| ASV 210 
fave! vetulfes ent 36 tohut2 sttonth 
S : J 4 p97 5 pom Vix ortry } “ , MMA 4 J bnis a 4 Fan 10 


: an " ° 196 wen ; il ort tt : t 927 og 2a" acum u 
ver .f€ SEI be ox L oneretoat festpalonumml to 


n2z(rss 1: ed - @ 1A) MC 34 bre a aaa 10 
x? sonptelad enos Apti to ne tdoubnt ; 
aster 


cy, ¢ fdenor fos ~H. . val a0 j94 bas 2 393 a 
T .ystnwmmt Yo not e2eqq v2 baoubat 


? 


to Yr fy eS FOI won 3 \W . +‘ SAT 2M " 4 ba I , AKAM ws es 
a tbtpTeho al ivnangsd Yo enepts ns-H ond of sontsre tos rasteoloaaee 
an ‘yer PFT : {8 uf = book 2fsnnk 


as : : : ae 


mr 


me 2a" 


. - a ‘ lone om hm tasanel i : 19:20 61 ms yh a ait u. 


a oF sb 
. — 


133 


DRESSER, D.W.: Specific inhibition of antibody production. 
III. Apparent changes in the half-life of bovine gamma globulin 
in paralysed mice. Immunology 6: 345, 1963 


DRESSER, D.W. and MITCHISON, N.A.: The mechanism of immunological 
paralysis. Advances Immunol 8: 145, 1968 


DWYER, J.M. and WARNER, N.L.: Antigen binding cells in embryonic 
chicken bursa and thymus. Nature New Biol 229: 210, 1971 


ELKINS, W.L.: Cellular control of lymphocytes initiating graft vs. 
host reactions. Cell Immunol 4: 192, 1972 


FELDMANN, M.: Induction of immunity and tolerance to the dinitropheny] 
determinant in vitro, Nature (London) 231: 21, 1971 


FELDMANN, M. and DIENER, E.: Reversible blocking effect of anti-mouse 
immunoglobulin serum on the induction of immunity and tolerance 
in vitro. Nature (London) 231: 183, 1971a 


FELDMANN, M. and DIENER, E.: Antibody mediated suppression of the 
immune response in vitro. III. Low zone tolerance in vittro. 
Immunology 21: 387, 1971b 


FELDMANN, M. and DIENER, E.: Antibody-mediated suppression of the 
immune response. IV. Effect of antibody fragments tn vitro. 
Immunology 108: 93, 1972 


FESTENSTEIN, H., SACHS, J.A., OLIVER, R.T.D., BURKE, J.M., ADAMS, E., 
DIVVER, W., HYAMS, A., PERGRUM, G.D., BLAFOUR, I.C. and MOOREHEAD, 
J.F.: Multicentre collaboration in 162 tissue typed renal 
transplants. Lancet 2: 225, 1971 


FORD, C.E.: Traffic of lymphoid cells in the body. ‘Im: Ciba 
Foundation Symposium. Thymus: Experimental and CTinical Studies. 
Edited by G.E. Wolstenholme and R. Porter. London, Churchill, 
1966. p 131 


FRENCH, M.E. and BATCHELOR, J.R.: Immunological enhancement of rat 
kidney grafts. Lancet 2: 1103, 1969 


. ‘ - be a 
| i od m? eepnets Jas saga Be: 
an ‘pofonummil ,eatm beeylersq nt 


necoon aiT +: A.W ,MO2THITIM bane .W.0 ,Aaeeame 
Bae | ‘A; forwoni 290nevbA .zheylsiwsq. — i 


oo: 1 9 


: DT iAW DG Mf wv e 
oivish ,eunyil? bie sewd netotis | 


forrnos saslulfsd i LW 2a 
~ 


cver .S@h :& fonumml (fed .2nots 1 toon 


vetnumet to norfoubal =. AAA . 
; (nobnol (teh v.oxtte nd FEN toris39b my 


374 4 lgold oeldleveval toll a3 INI 10 brs ae SF 
; noktoubn? sit no sweet udoleontnst 
ES (nobonoi) swuts vostde wb 


a 
rham vbodhins 7 AMT Q bas .M ,MHAMOI3" 
t wold .1] tS SU oe t S2ROGRS SURE |) 
arvel , Tae f$ eof oral. 

r aed 


to note2a » betetbem-ybadizaA +:,3 ,ARNAIO _ Me +MANO 
.wretu wt 2tnempe 1? ybodlins Yo yosTt2 JVI , 820g ~ enue : 
sver .€@ :80f ‘wor onus » 


- a  SMAGA etl DAVE ‘ a, T. A nd - = L eeHOA2 os 7 aH Te 
»CAIHIROOM bas b 2.1 of UO 4.8 »-A a a wa 
pee ’ 0) - 3 rte sul : 


PIR Ege Ls 
| 


i 


134 


FRENCH, M.E., BATCHELOR, J.R. and WATTS, H.G.: The capacity of lympho- 
cytes from rats bearing enhanced kidney allografts to mouse graft- 
versus-host reactions. . Transplantation 12: 45, 1971 


FULMER, R.I., CRAMER, A.T., LIEBELT, R.A. and LIEBELT, A.G.: 
Transplantation of cardiac tissue into the mouse ear. Amer J 
Anat 113: 273, 1963 


GALLAGHER, M.T., RICHIE, E.R., HERM, L.R., JUDD, K.P. and TRENTIN,. J.J.: 
Inhibition of the graft-versus-host reaction. Transplantation 
Ate 59751972 


GERSHON, R.K., COHEN, P., HENCIN, R. and LIEBHABER, S.: Suppressor 
T cells. J Immunol 108: 586, 1972 


GLOBERSON, A. and AUERBACH, R.: Reactivation zn vitro of immunocompet- 
ence in irradiated mouse spleen. J Exp Med 126: 223, 1967 


GOWANS, J.L., McGREAGOR, D.D. and VOWEN, D.M.: Imitation of immune 
response by small lymphocytes. Nature (London) 196: 651, 1962 


GRANT, C.K., LEUCHARS, E. and ALEXANDER, P.: Failure to detect cyto- 
toxic lymphoid cells or humoral blocking factors in mouse radi- 
ation chimeras. Transplantation 14: 722, 1972 


GREAVES, M.F. and HOGG, N.M.: Immunoglobulin determinants on the 
surface of antigen-binding T- and B- lymphocytes in mice. 
Proceedings of the First International Congress of Immunology. 
Edited by Bernard Amos. New York and London, Academic Press, 
L971. scp.) 


GUTTMANN, R.D., LINDQUIST, R.R., OCKNER, S.A. and MERRILL, J.P.: 
Mechanism of long-term survival of renal allografts after treat- 
ment with antilymphocyte antibody. Transplant Proc 2405001969 


HALASZ, N.A.: Enhancement of skin homografts in dogs. J Surg Res 
Bm003,<1963 


HALASZ, N.A., ORLOFF, M.J. and HIROSE, F.: Increased survival of renal 
homografts in dogs after injection of graft donor blood. 
Transplantation 2: 453, 1964 


«YOO! horus 
222979 stmabsoA 


Lee V > 


4° 7 * 
‘f ® ; Sh AA ‘ 3. M-. HOMIAA 
yo 16S +61 mov? 28Ty9. = 
fi mortossy J20n-ZuUrwSY 
t 7 4 ~ 
TA Ae dt 
iT 65 is'o 
LS 8 [ 
Moi .T.M 7 
eué2 ’ nor Tdi 
vi , \ee 
14 fr t * 
J tons .9 JA dH | .ASHOD . AS 
~ »* 9 Te ,2(laa Fray ; 
» 
~ ~ ? 
( an :4 4 ‘. a . =" 
>. a ‘an. jy Dns FA ,¥i0 2380 Je 
M ox) neslae Ss2uvom betstbavih ni sode 
1 : 7 ..¢ ; 
y YY AA AMFIN. oe *» he 
{ « Ns @ er. MAJA soaeu  2RA Jo 
eid 2eetyoodamy! [sme yd senoqzs1t. 
rt ac“ | 
» «oS 4 wis ghee 
a ft 9 8 die , os 
ofd fevonurl [fso bronamy! aixod 
r 4 r - * 2 oe bel Pa 
- 1¢ i675 Uensti ,2sieninga norgs 
° s An ‘ - as | s 
n lofpomannl :.M.4 .d90H bone .7.4, 23VARS 
grorignry | bas patbatd-neptins to eostwe. 
- ry ~ ‘ — 
zetpne) fenotisavatal teat aft Yo zpntbssouyrd © 


- 2oma, tiara avd bettba 
ffi q AS a 


J 
~mobno! bas s10Y well 


135 


HAUGHTON, G. and NASH, D.R.: Specific immunosuppression by minute 
doses of passive antibody. Transplant Proc it $6.UGa-a1-969 


HELLSTROM, I., EVANS, C.A. and HELLSTROM, K.E.: Cellular immunity and 
its serum mediated inhibition in shope-virus inducted rabbit 
papillomas. Int J Cancer 4: 601, 1969 


HELLSTROM, I. and HELLSTROM, K.E.: The role of immunological enhance- 
ment for the growth of autochthonous tumors. Transplant Proc 
St Tin ean 


HELLSTROM, I. and HELLSTROM, K.E.: Cell mediated immunity and blocking 
antibodies to renal allografts. Transplant Proc B09 ew 197 2a 


HELLSTROM, I. and HELLSTROM, K.E.: Can "blocking" serum factors 
protect against autoimmunity? Nature 240: 471, 1972b 


HELLSTROM, I., HELLSTROM, K.E. and ALLISON, A.C.: Neonatally induced 
allograft tolerance may be mediated by serum-borne factors. 
Nature 230: 49, 1971. 


HELLSTROM, I., HELLSTROM, K.E. and SJOGREN, H.0.: Serum mediated 
inhibition of cellular immunity to methylcholanthrene-induced 
murine sarcomas. Cell Immunol eel camo / 0a 


HELLSTROM, L.'s HELLSTROM, Keer yep ele tA, HA sePEERCE, Ger. rand YANG. «lek. S. 2 
Studies on cellular immunity to human neuroblastoma cells. 
Int J Cancer 6: 172, 1970b 


HELLSTROM, I., HELLSTROM, K.E., STORB, R. and THOMAS, E.D.: Colony 
inhibition of fibroblasts from chimeric dogs mediated by the 
dogs' own lymphocytes and specifically abrogated by their serum. 
Proc Nat Acad Sci (USA) 66: 65, 1970c 


HELLSTROM, K.E. and HELLSTROM, I.: Cellular immunity against tumor 
antigens. Advances Cancer Res 12: 167, 1969 


HELLSTROM, K.E. and HELLSTROM, ies Immunological enhancement as 
studied by cell culture techniques. Ann Rev Microbiol 2AR WKS 1970 


HELLSTROM, Rakes HELLSTROM, IT. and BRAWN, J.: Abrogation of cellular 
immunity to antigenically foreign mouse embryonic cells by a 
serum factor. Nature 224; 914, 1969 


136 


HIRANO, S. and UYEKI, E.M.: A study of mixed cell interactions between 
sensitized and allogeneic mouse spleen cells in vitro using the 
hemolytic plaque assay. J Immunol 106: 619, 1971 


ISAKOVIC, K., SMITH, S.B. and WAKSMAN, B.H.: Role of the thymus in 
tolerance. I. Tolerance to bovine gamma globulin in thymectomized, 
irradiated rats grafted with thymus from tolerant donors. 

J Exp Med 122: 1103, 1965 


JACOBSON, E.B., HERZENBERG, L.A., RIBLET, R. and HERZENBERG, L.A.: 
Active suppression of immunoglobulin allotype synthesis. II. 
Transfer of suppressing factor with spleen cells. J Exp Med 
Woe9 1163, 1972 


JAMES, K.:  Antilymphocytic antibody - A review. Clin Exp Immunol 
2c, 015.4 L967 


JAMES, C.R., TINGA, W.R. and VOSS, W.A.G.: Energy conversion in closed 
microwave cavities. In: Microwave Power Engineering. Vol. 2. 
Edited by E.C. Okress. Academic Press, New York, 1968. p 28 


JERNE, N.K. and NORDIN, A.A.: Plaque formation in agar by singled 
antibody producing cells. Science 140: 405, 1963 


JIRSCH, D., KRAFT, N. and DIENER, E.: Transplantation of the mouse 
Heart. A useful research model. Cardiovasc Res, in press, 1973 


JOLLER, P.W.: Graft-versus-host reactivity of lymphoid cells inhibited 
by anti-recognition serum. Nature New Biol 240: 214, 1972 


JUDD, K.P., ALLEN, C.R. Jr., GUIBERTEAU, M.J. and TRENTIN, J.J.: 
Prolongation of murine cardiac allografts with antilymphocyte 
serum. Transplant Proc 1: 470, 1969 


KALISS, N.: Course of production of an isoantiserum affecting tumor 
homograft survival in mice. Proc Nat Acad Sci 42: 269, 1956 


KALISS, N.: Immunological enhancement of tumor homografts in mice: 
A review. Cancer Res. 18: 992, 1958 


KAROW, A.M.: Biological effects of cryoprotectants as related to 
cardiac cryopreservation. Cryobiology 5: 429, 1969 


_—" 
t2 A + .M.3 , UYU bab .2 ,OMARTH 
vom 3fenspolle bas bestilense 


-“s226 gupslq ohiyfomed 


bas .8.2 ,HTIM2 ..4 .DIVONA t 


od of sonsietoT .1 sane-r9lod 
; w bas?sro 23687 batatbayivt a © 
edei ,€Off sSSf bem qx3 G 
A.J ,O9IGWISAFH ..8.3 .WO2ZBOOAG. 
ponunsal To notezevqque avitoA® 1 7F 


iq2 "3tw votos? onfeagivaque to ystensrl 
sver .€arft :eEf 


A.W .220V bre; 9.0 ADMIT «A, J 2m 
orOIM url ,2ehd hyso svewornte 
2msbsDA 229040 9,3 vd bat tha 


& 
Sur 61S : AA HIG) UY, brie Ht oe? 4 a 
sonstoe .2ileo on touberg ybodhing 
~ 


- rae ,; 63 ns} gens] Sad Aan 110 bne A »T FARA ~ A HoeATb 
: cvel .22e10 val .2eff nee 16 Ieban dovee2oy Tuteew A 1698 


; ia 
deaididnt alias blodqmy! to ysivttoeer d20d-eversy<ste10 | Pm | a 
v2 Sver ,Af$ :08S fotd walt ewitsk avine notzinposen~tne- eos 
; t 7... 7 | 7 os : hp ; 

. poe 4)* tore 


tla . attr 


a 


_? 


137 


KATZBERG, A.A.: Cardiac rhythm as a prerequisite for the survival of 
fetal heart transplants. Plast Reconstr Surg & Transplant 
GUlieedestthas.) dou 


KNIGHT, S.G. and THORBECKE, G.J.: Ontogeny of cellular immunity: 
Development in rat thymocytes of mixed lymphocyte reactivity to 
allogeneic and xenogeneic cells. Cell Immunol 2: 91, 1971 


KRAFT, N.: Unpublished observations, 1972 


KRAFT, N., JIRSCH, D.W. and DIENER, E.: Heart allograft survival as 
an index of stem cell purification in the mouse. In preparation, 
1973 


KRAFT, N. and SHORTMAN, K.: Differentiation of antibody forming cells 
in toad spleen. A study using density and velocity sedimentation 
cell separation. J Celi@Biol 52: 438, 1972 


LAJTHA, L.G.: Bone marrow stem cell kinetics. Serum Hematol 4: 293, 
1967 


LANCE, E.M. and MEDAWAR, P.B.: Antilymphocyte serum and the induction 
of tolerance to transplantation antigens. Fed Proc 29: 151, 1970 


LEVEY, R.H., KLEMPERER, M.R., GELFAND, E.W., SANDERSON, A.R., BATCHELOR, 
J.R., BERKEL, A.I. and ROSEN, F.S.: Bone marrow transplantation in 
severe combined immunodeficiency syndrome. Lancet 2: 571, 1971 


LEVEY, R.H. and MEDAWAR, P.B.: Nature and mode of action of anti- 
lymphocytic antiserum. Proc Nat Acad Sci (USA) 56: 1130, 1966 


LUCAS, Z.J., MARKLEY, J. and TRAVIS, M.: Immunologic enhancement of 
renal allografts in the rat. I. Dissociation of graft survival 
and antibody response. Fed Proc 29: 2041, 1970 


LUYET, B.: A review of research on the preservation of hearts in 
the frozen state. Cryobiology 8: 190, 1971 


MARBROOK, J.: Primary immune response in cultures of spleen cells. 
Lancet 2: 1279, 1967 


mr sxtzi f , 26 mors 6 tbyse2. “4 A A anzaXTi 


. * . 

. “ : : djuinlmeameath das r 4a3 

res : ; 4 b cf i* eco ht Cena VW a sori i6J7S7 
A fr rr er 

ce ET :tS I iod 


9 4 f ‘ Ml e svn a4aqfurr i» “ 
ro Vo mn ob. g3SAJZONOHT BaB .od.2 THOM 
rite ty: vy reid fev ni jnemqot eve 
; ; 2's atensponex bos asfenspolis 
,2n yisedq bardetiduqn +. 
| j en —74.90 
bL ng 61 e' 7 ZAI + eof 


an ra PBOTT Pye ifas maz2 TO xobal nes 


_ 
Psi ti . " +> AMT ory IZ bie. av . Pa 
1 ay hee ‘sh - ¢ = ri : ¥p»D 32 A ,n99!qe baa ft 


/SEf :Sé@ [org fife), ,notisiaqes2 Tie | 


Ta 


. 


FP rInA | WACIM bas .4,3 I 
6 NOrlsinsi qensty oF sonsysios FO — 


= 
DISHITAT , R.A ,HO No3 ,CHATIIO: «ALM gSGABIMGIY «JHA Iva 


\ A 


i . : : :  - , 
i , % a Cet ~ASCUnN DONS 46h 4 INA ab 7 
,  % TT. “ f ; ose } > ! ‘ > . >» “ . a 
' - «2 2 Baste oa y Twi ys ¥ i ‘oT SvOnune | bantdmoo ots 82. - ol 
—_ - Me 7 


-tins Yo notios to ebom bns Swish 3.8.4 ,RAWADIM bas HOR ¢ 
: ee OE Be I (maui) ad aah al val impostoes stayporgn mnt 


oe « 


7 


a 


tA = a _ Te ’ —— ale 
Yo dames ins Stpafor - . » en 


138 


MARINO, H. and BENAIM, F.: Experimental skin homografts: Effect of 
homohemotherapy on their survival time. Amer.J Surg 95: 267, 
1958 a 


MARQUET, R.L., HEYSTEK, G.A. and TINBERGEN, W.U.: Specific inhibition 
of organ allograft rejection by donor blood. Transplant Proc 
3208708501971 


MARQUET, R.L. and van BEKKUM, D.W.: The reactivity of blood lymphocytes 
from activity enhanced rats. Transplant Proc 4: 631, 1973 


MARTIN, W.J. and MILLER, J.F.A.P.: Site of action of antilymphocyte 
globulin. Lancet 2: 1285, 1967 


McCULLAGH, P.: The immunological capacity of lymphocytes from normal 
donors after their transfer to rats tolerant of sheep erythrocytes. 
Aust J Exp Biol Med Sci 48: 369, 1970a 


McCULLAGH, P.: The abrogation of sheep erythrocyte tolerance in rats 
by means of the transfer of allogeneic lymphocytes. J Exp Med 
132¢ Sh6geT 97055 + 


McCULLAGH, P.: The nature of the response of the cells of the sheep 
eeyinracyte tolerant rat to transferred allogeneic ces: 
AUST <0 Exp (Bil, MediSei 50:.-49,/1972 


McCULLAGH, P.: The transfer of immunological tolerance with tolerant 
lymphocytes. In press, 1973 


MEDAWAR, P.B.: Theories of immunological tolerance. In: Ciba 
Foundation Symposium. Cellular Aspects of Immunology. London, 
Churchill, 1960. p 134 


MICKLEM, H.S.: The cellular basis of "self"-tolerance. In: 
Immunological Tolerance of Tissue Antigens. Edited by N.W. Nisbet 
and MW. Elves. Orthopaedic Hospital, Oswestery, England, 1971. 


MICKLEMPtHSSs SFORDS PGtEse EVANS, E.Pl and GRAY, J.: Interrelation- 
ships of myeloid and lymphoid cells: Studies with chromosome 
marked cells transferred into lethally irradiated mice. 

Proc Roy Soc B 165: 78, 1966 


eo ee y Ww 


s¥nvngno atte fateentreqnd +:.2. MLAMSG Bas-ih , OF TLSAM 4 
2 L. tah .oe's (ewivelie “fad? nO devo) omedongt 7 ae 


beef 


~ 


oe oF WIT bes .A.A ,AUTZYSH , 18 . Tae 

| ronob yd entsoetay siovwpolls dapro ‘to ab 
Tee BOW 3 

] ,MinOS aay brs .J.8 TI 

‘ov’ .2tey béonalns yoivisos mort = 

> tt2 3.9. A490 RLM bon 0 Se 

eT cost tS Yotnsl” Lartudorp 

42. > Taotpofomumm? sft . +,9 HOARE 
' Bien oF Weicne xt VTStt vesie £1oReo- "ae 

GP Ide boM Tots axZ 6 Jeua 


‘ey 


® gsedz to nofieoords sil :.9 MBAR 
FYDON snsnolls Yo votaney? ea? To eraam yo = 
ave! ,afe Ice 


® 


> ott te seneges) aft Fo gwisd 6d 34 HOAISUISM 
oolls baie anes OF J61 Jostolo? Eee 
Svef .€& 708 I9@ bam ford axa Lb Jeun 


tnersiod dttw sonevsfos [eotpolonumml Yo veteneyy eA £,9 Nile * 
evel .2zeg1q wT 


1D gt .soeewior | . 
‘Seed at > oes 


ma te i. er. a 
hs i ; cy 


stn a, ee, f 


139 


MILLER, J.F.A.P.: Immunological function of the thymus. Lancet 2: 
748, 1961 ne 


MILLER, J.F.A.P., BRUNNER, K.T., SPRENT, J., RUSSEL, P.J. and MITCHELL, 
G.F.: Thymus derived cells as killer cells in cell-mediated 
immunity. Transplant Proc 3: 915, 1971 


MILLER, J.F.A.P. and MITCHELL, G.F.: Thymus and antigen reactive 
cells. Transplant Rev 1: 3, 1969 


MILLER, J.F.A.P. and OSOBA, D.: Current concepts of the immunological 
functions of the thymus. Physiol Rev 47: 437, 1967 


MILLER, R.G. and PHILLIPS, R.A.: Separation of cells by velocity 
sedimentation. J Cell Physiol 73: 191, 1969 


MILLER, R.G. and PHILLIPS, R.A.: Separation of cells by velocity 
sedimentation (1970). Im: The Separation of Hemopoietic Cell 
Suspension. Edited by D.W. van Bekkum and K.A. Dicke. Rijswijk, 
The Netherlands, 1970 


MINTZ, B. and SILVERS, W.K.: “Intrinsic" immunological tolerance in 
allophenic mice. Science (Wash) 158: 1484, 1967 


MISHELL, R. and DUTTON, R.W.: Immunization of dissociated spleen 
cell cultures from normal mice. J Exp Med 126: 423, 1967 


MITCHELL, G.F. and MILLER, J.F.A.P.: Immunological activity of thymus 
and thoracic-duct lymphocytes. Proc Nat Acad Sci (Wash) 59: 
296, 1968 


MITCHISON, N.A.: Induction of immunological paralysis in two zones 
of dosage. Proc Roy Soc Biol Sci B 161: 275, 1964 


MITCHISON, N.A.: Immunological paralysis as a dosage phenomenon. 
In: Regulation of the Antibody Response. Edited by B. Anader. 
Springfield, Thomas, 1967. p 54 


MITCHISON, N.A.: The relative ability of T and B lymphocytes to see 
protein antigen. In: Cell Interactions in Immune Responses. 
Edited by A. Cross, T. Kosuren and 0. Makeld. Academic Press, 
New York, 1971. p 249 


'sotpofom«n?t std to etqsaxos Jostyw) :.0 ,AS020 bas 29.4,7.6 jhe 


etl 


a 4 
Joontt .zumyld ed? to noltonv? Msotpofonum! -:.9.A.9.0 8330S 
faer Bay i 


TIM bos .6.9 ,J322U9 ,.G , THOR 4 L7M ASU 1.9 ASE ash 
betslboem-[feo at elfea vellts es 21 feo bev tab eumynT 534.8 
ver ,2f@ :& so14 tnelqensrT A Frunin? 


avisoasy soptins bas eumvdT +:.7.0 ,LIGHOTIM bas AAA Sa 

eae! ,€-:f val tastqensy? .2ffeo see 
oes 
> 
Vale! {E68 28) va loteydd .eumgld sd? Yo anotsonut ; 


wtoofev yd elfen to nolterveqe2 «.A8 .2U1JInd bos Ja.8 GY 
PIE LEX fotewi4 ff9d.6 -noiseangmibae © 


roofav yd 2eflso Yo nofsevegs2 :.A,8 (290 JIA bas .O.8 Aad 

rsafogomsH to molfsisqed edT sek =. (0VOT) notisinemibae ) 

weita sto .AX bos qudded asv WLU yd betib? .notensqeue =~ 
Over ,zbasfistioh SAT 


_ 


soansislot [ssipolonumml “otenintnl” +.4.W_,289Viie bas Ve SM 
Vae! ,A8bf sAal (deew) satan -satm gtnedgoife = ~ 


nesige batsfoozeth Yo noltestauemt :.0.8 ,MOTTUC bos _ LSH2 IM 
Yael ,ESP 8S boM qzi & .eatm [enon mort aewtivo [feo 7 87 
‘ ae . 

auayss Mg hid Fsatpofonummt :,9,A.4,.6 ,ASIIIM brs 37.8 , ISHS 
282 (reeW) fo2 Ash 2095 .2edyparigny! tavb-otosvodt b . 


own €y yt ye ° 


140 


MOLLER, E.: I. Studies on the mechanism of immunological enhancement 
of tumor homografts. II. Specificity of immunological enhancement. 
J Nat Cancer Inst 30: 1153, 1963 


MOLLER, E.: Antagonistic effects of humoral isoantibodies on the 
tn vittro cytotoxicity of immune lymphoid cells. J Exp Med 
122: 11, 1965 


MONACO, A.P., WOOD, M.L. and RUSSELL, P.S.: Adult thymectomy: Effect 
on recovery from immunological depression in mice. Science 149: 
432, 1965 


MONACO, A.P., WOOD, M.L. and RUSSELL, P.S.: Studies on heterologous 
antilymphocyte serum in mice. III. Immunological tolerance and 
chimerism produced across the H-2 locus with adult thymectomy 
and antilymphocyte serum. Annals NY Acad Sci 129: 190, 1966 


MOND, J.J. and THORBECKE, G.J.: Greater sensitivity to inhibition by 
anti-immunoglobulin of splenic than of bone marrow B lymphocytes. 
J Immunol 110: 605, 1973 


NISBET, N.W.: Some aspects of immunological tolerance investigated 
by parent to F, hybrid parabrosis in mice. Transplantation 
1 ks 131896197) 


NOSSAL, G.J.V., CUNNINGHAM, A., MITCHELL, G.F. and MILLER, J.F.A.P.: 
Cell to cell interaction in the immune response. III. Chromosomal 
marker analysis of single antibody forming cells in reconstituted, 
irradiated or thymectomized mice. J Exp Med 128: 839, 1968 


NOWELL, P.C.: Phytohemagglutinin: An initiator of mitosis in cultures 
of normal human lymphocytes. Cancer Res 20: 462, 1960 


OFFERIJNS, F.G.J. and KRIJNEN, H.W.: The preservation of the rat heart 
in the frozen state. Cryobiology 9: 289, 1972 


OWEN, R.D.: Immunogenetic consequences of vascular anastomoses between 
bovine twins. Science 102: 400, 1945 


PARISH, C.R.: Immunochemical studies of bacterial flagellin. Ph.D. 
Thesis, University of Melbourne, Melbourne, Australia, 1969 


--  m, 


Bae [ 


pice 


4 — 
ia le2no024 


met wee 
Pek die 


5 
: 


ap 


tJ} iM A , MAHOM TAA 


bod 
satu bes tmososagis 0 sep ees f m 


m to notet1 tnt al sabecrau ten snartoyt4 
sone) ! oo an ngee 
Tt ae a 


JJ322UA bao .1.6 ,COOW ,.9.A , DARE 


anna .muyae siyj0n gal 19a8 bis 


4 943 no eetbud2 1) ¢.3 93.4504 
32.1] .2@ttevpomon tom to 
q tani 19 162 tev i 


ere a... 
sTTS 3 a TOD SIA ;ao . 
e* ty- le Vey 
r 70 ¥ Ty 3YD Chiy 
af r ci 
coe! elf :S$ - 
om 


122UR bos». JM .COOW ..4,A OSANOM 
if* 9fo 2 +} ONLI i mov? Y1svoos" no 7 
. aan ¢ ¢ 


coel , SER : 


he af muise siv>oramy! a f 
220796 bs rubo” g ine Pom? ny 
; a 


4.2 ,aNDFAROHT baw <6, , .On0M 
refae to otludolponumnt- tine 
exer .a0a 20] hoe” 7 


)} efosaes amod :.WA 
brydyd , 4 oF Jnarsq yd ws 
iver “Bre it 


es > 
.v.G.a ,JA2 On 
Ag nt noidoarstat "fer ot ffed = 
fine ofpatz to eteyfans yee - 


“ae , 11300 
fale to ar 


« iv. nak 


vie 


141 


PARISH, C.R., WISTAR, R. and ADA, G.L.: Cleavage of bacterial flagellin 
by cyanogen bromide. Antigenic properties of the protein fragments. 
Biochem J 113: 501, 1969 


PATEL, R., MICKEY, M.R. and TERASAKI, P.I.: Serotyping and homotrans- 
plantation. XVI. Analysis of kidney transplants from unrelated 
donors. New Eng J Med 279: 501, 1968 


PAULING, L.: A theory of the structure and process of formation of 
antibodies. J.Amer Chem Soc 62: 2643, 1940 


PETERSON, E.A. and EVANS, W.H.: Separation of bone marrow cells by 
sedimentation at unit gravity. Nature 214: 824, 1967 


PHILLIPS, R.A. and MILLER, R.G.: Physical separation of hemopoietic 
stem cells from cells causing graft-versus-host disease. 
I. Sedimentation properties of cells causing graft-versus-host 
disease. J Immunol 105: 1168, 1970 


PHILLIPS, S.M. and WEGMANN, T.G.: Active suppression as a possible 
mechanism of tolerance in tetraparental mice. J Exp Med 137: 
eotpehgrs 


PIERCE, G.E.: Im vitro effects of syngeneic lymphocytes and serum on 
F, hybrid fibroblasts. Cell Immunol 3: 150, 1972 


POOR, E.: Brephoplastic homotransplantation of hamster heart: A 
preliminary report. Transplant Bull 4: 143, 1957 


QUADRACCI, L.J., HELLSTROM, I., STRIKER, G.E., MARCHIORO, T.L. and 
HELLSTROM, K.E.: Immune mechanisms in human recipients of renal 
allografts. Cell Immunol 1: 561, 1971 


RAJEWSKY, K.: The carrier effect and cellular cooperation in the 
induction of antibodies. Proc Roy Soc B 176: 385, 1971 


RAMSEIER, H. and LINDENMANN, J.: Aliotypic antibodies. Transplant 
Reviil0s37,, 1972 


REISFELD, R.A. and KAHAN, B.D.: Biological and chemical character- 
ization of human histocompatibility antigens. Fed Proc 172: 
1134, 197] 


ROWLEY, D.A., FITCH, F.W., AXELRAD, M.A. and PIERCE, C.W.: The 
immune response suppressed by specific antibody. Immunology 
16: 549, 1969a 


— 


sf3 nt notsersqoos wiluliss bas Jostie. wt wis) efT 
tiga rhe Age “BML 8 202 of oer 


r 


’ 
+ 


ro 2i3nargi 


~ = pus) 
— Ty W9T bas .3.@ .YIIOIM ge A aah 
12 “eryi fh ¢ tr; vi TA o & ix sors ssneiq. 
a : p Dp of ? onJ ws 2 “ord 


1utoauyd2 sd¢ Yo yiosds A +:.J .ONIJUAS 

oc man) venA.t esthodtins . 

.C 24 

i ) < od : : wn te, CRAY Unm6 AA Oi 2A3T iq 
sud 6 yitverp thew Je no tretnamtbaz ~ 


92 [sotewid 2.0.8 AIL STM brs .A.8 , 290 05TH 
rey «3 ’ 


ov? 2ifeo maiz 


sip onfeuso 2l foo m 
¢ i] r¢ oe a ie be) otqg orgs reat tba2 a | La 7 
te - ‘< | i tcl [ io Te i i f, _ses92tb 
notzervaque svidoA :,0.7 ,WWAMOIW bos .M.2 . 290 
: fare t mt 4onavelos Yo metosiicom 
rver esl} 
fenspaye Yo 2fostte oentia wi 1.39.9 ,30 
1 tis e226 ido sar bi 10vN qa 
fgenertomod atseslqotgqevd 1.9, 
tnefganesT .tvoget yrentatisiq 
a 
HIRAM ,.3,0 ,FINIA .1 , MOAT eat .-b.1 , TQOARGAUD 
- ¢ s] 
9 a) if, Af SAAT ABAD Srl a x MORT2 UGH 
ret fad a | foment fiso yt 1pol ts. 


- se AAR 
-2atbot 


# to nol 


’ ¢ i < 
A % wn AMA ION | 


oy os 


142 


ROWLEY, D.A., FITCH, F.W., SAITOH, T. and STUART, F.P.: Specific 
suppression of cell-mediated immune responses. Transplant Proc 
he 2980 451.9695 


SALAMAN, J.R.: Prolonged survival of renal allografts in rats mismatched 
at the major histocompatibility locus. Transplantation 11: 63, 1971 


SALMON, S.E., KRAKAUER, R.S. and WHITMORE, W.F.: Lymphocyte stimulation: 
selective destruction of cells during blastogenic response to 
transplantation antigens. Science 172: 490, 1971 


SCHINKELL, P.G. and FERGUSON, K.A.: Skin transplantation in the 
foetal lamb. Aust J Exp Biol 6: 533, 1953 


SCHLESINGER, M.: Serologic studies of embryonic ortrophoblastic 
tissues of the mouse. J Immunol 93: 255, 1964 


SEGRE, D. and KAEBERLE, M.L.. The immunological behavior of baby pigs. 
J Immunol 89: 782, 1962 


SHANFIELD et... WOLE, sJ.5..eWKEN, co. ba Gas MacLEAN, L.D. and HUME, D.M.: 
Mechanism of permanent survival of canine renal allografts 
following a limited course of ALS treatment. Transpl Proc 5: 
553.4 1973 


SHELLAM, G.R. and NOSSAL, G.J.V.: Mechanism of induction of immuno- 
logical tolerance. IV. The effects of ultra low doses of flagellin. 
Immunology 14: 273, 1968 


SIMMONS, R.L. and RUSSELL, P.S.: The histocompatibility antigens of 
fertilized mouse eggs and trophoblast. Ann NY Acad SC1ulZ9. 
35, 1966 


SJOGREN, H.0., HELLSTROM, I., BANSAL, S.C. and HELLSTROM, K.E.: 
Suggestive evidence that the ‘blocking antibodies' of tumor 
bearing individuals may be antigen-antibody complexes. Proc Nat 
Acad Sci (Wash) 68: 1372, 1971 


SMITH, A.U.: Problems inthe resuscitation of mammals from body 
temperatures below 0°C. Proc Roy Soc 147: 533, 1957 


SMITH, A.U.: Problems in freezing organs and their component cells 
and tissues. Fed Proc 24: 196, 1965 


7 : T r wrT ft aS 7 “ et a ie | 
‘ H 1G _ 8.4 id } ee | a G < 
2 | batstbem-ffso to neheeorqdue 
; fad) i Aa > a 
a U7 I VUCG * 
— 
» , ' — : _—— 
5 [aney Yo lavitvwwe bepnofovd 8.4.0, 
‘ 3) eA > 
nas oes: dizsqnonotera 1oLem of? 2 
, P - . 
| ] . Pus ’ 4 w 7 
1." e ay bas a: ASIUA BAX ' =» 2 KO 


eld ontyub 2ffas to nottouwesb WiSeFae 
5 OT 3 . « ? 7190 rin 5 ri63 Ne -* [genwd 7 


’ te 
& Ti rails nixsez AS , MOcUe i3° ais o.9 . tL 2 
4 raoax3 G teuwA dof sted? 
’ 
: he orpolored. 3.4 , Aso 
: even oft Yo equeets 


7 ofT ..J.M ,SJATARAY bnew 6G — 

$e! “sat ‘308 fonummn! beth 

A. too ..0.9.2 ,KIAW ycdeb ,TJON c,d oO 

rm oF Yo Favivee Inent moq 0 neinsnoal 
; : i cJA 7O S27U00 5S: sthmel 5 pritwolfo? 

ever , £62 if 


BNO as JA2Z0" brs A Pray a2 
2s3%4 9 VI ,eoneyeload Teotoof - ; 
Boer evs :af Yeolonumm! , 


Ts - 


TO 2nep lens | nMoos2tt sit 71,2,:9 , 3U22UR bose JR — ‘2 
281 boc book YH onA .Jenltdorlgow? bie zope sevom bes: ihe ae 
; q E 


8081 
re Pe M05 TeiJ9H bas 3.2 ,JAZMAB 4. subete ssi. .0 4. 4G ry Le 
— tomuat Tetons our petioold' old te 3 sonsbive ovis ~— 


.@ 


aed * a5) ypod Pinennag gas od pats nan 
ie - cae nite d+4 ) eyes ,! sit 289 (Wesu). t 22 bs 


143 


SMITH, R.J. and BRIDGES, R.A.: Immunological unresponsiveness in 
rabbits produced by neonatal injection of defined antigens. 
J Exp Med’ 108: 227, 1958 


SMITH, R.T.: Immunological tolerance of non-living antigens. Advances 
Immunol 1: 67, 1961 


SNELL, G.D., WINN, H.J., STIMPFLING, J.H. and PARKER, S.J.: Depression 
by antibody of the immune response to homografts and its role 
in immunological enhancement. J Exp Med 112: 293, 1960 


SPECK, B., POOREN, L.J., de KONING, J., van BEKKUM, D.W., EERNISSE, J.G., 
ELKEBOUT, F., VOSSEN, J.M., and van ROOD, J.J.: Clinical 
experience with bone marrow transplantation: failure and success. 
Transplant Proc 3: 409, 197] 


STAPLES, P.J., GERY, I. and WAKSMAN, B.H.: Role of the thymus in 
tolerance. III. Tolerance to bovine gamma globulin after direct 
injection of antigen into the shielded thymus of irradiated rats. 
J Exp Med 124: 127, 1966 


STERZL, J.: Immunological tolerance as the result of terminal differ- 
entiation of immunologically competent cells. Nature (London) 
(209: 416, 1966 


STERZL, J. and TRNKA, Z.: Effect of very large doses of bacterial 
antigen on antibody production in newborn rabbits. Nature (London) 
179: 918, 1957 


STIMPELING, J.H.: The use of PVP as a developing agent in mouse 
hemagglutination tests. Transplant Bull 27: 109, 1961 


STUART, F.P., BASTIEN, E., FITCH, F.W. and ROWLEY, A.: Mechanisms of 
antigen and antibody induced suppression of renal allograft 
rejection-in thesrat. Fed Proc 29: 3052, 1970 


STUART, F.P., FITCH, F.W., ROWLEY, D.A., BIESECKER, J.L., HELLSTROM, 
K.E. and HELLSTROM, I.: Presence of both cell mediated immunity 
and serum blocking factors in rat renal allografts enhanced by 
passive immunization. Transplantation 12: 331, 1971 


STUART, F.P., SAITOH, T. and FITCH, F.W.: Rejection of renal allografts: 
Specific immunologic suppression. Science 160: 1463, 1968 


} in r { - iT} : ’ . be al «438004 « 4 4935 CC 


" e : : AY t ’ yoan-r oS 
: mils bie .t ,YSGO ..6.49 23.90 a 
‘ vr 


sevom nt tne 


- a 

; Hy - | MITTZAS ee 
Ly way fo rts , 7 bd : ' 2» -, HT A : mo aed bl 
+ porter TWaQue f phy DOCGN J i bre "or ; 


vost vd bsouborg 2 sy aden 


TLL f sciommmnl i,t 8 “NTIM2 


pael ,\a : [ i OFRS men I 


- 


’ * * a7—7T4 , - wis Tis . “ 
; . on te ..0.48 -AMIW . 0.0 AZ “a 
senogzsy ote? aft to ybodring ya: — 


— on ot 1 a ke f ‘noe , 5 
aorefnnea [soroolonum nr 


_ 
= 


f M.t ,Wa220¥ ..1 ,TUOBaRI ss 

UU . ‘| i¢ :: iw g5netts axxo oa 

, 208 = s0o74 tnsige meat 7 
Se 
eons slot . IT] soneratod 7 

in? nepftins to notjostar 


—a0f Cf -ACE hall a Ff 
goe! .\3s! est Dai qx3 u 7 
a 
4 [satoolonum ] ..U . ISAT a 
lonmnr To nohtstins x. 
" ra 
a oth e0S 


‘SV 3 ) ; ‘4 +t? 3 ° 4 Ad ¥RT b né «( | ,J8saTe 


o1g YbOC Tis no ep! bins “= 


weer Bre :OKr 


— 


S ontgoleveb 8 26 WA Yo seu. ont = +H. ,OWI neve 
C08 aX i Twa sasiqenpaT .2send-noksentSutg Dement 


ars <a ee fo : 


_ we 
> 
"a4. 
ij 
> A 


il 
bast 


144 


SVEHAG, S.E. and SCHILLING, W.: Synergism between alloantibodies or 
F(ab)» and prednisone on the survival of murine split heart 
allografts. Transplantation 15: 344, 1973 


TAKASUGI, M. and HILDEMANN, W.H.: The regulation of immunity toward 
allogeneic factors in mice. II. Effect of antiserum and antiserum 
fractions on the cellular and humoral response. J Nat Cancer 
Inst 43: 857, 1969 


TAYLOR, R.B.: Cellular cooperation in the antibody response of mice 
to two serum albumins: Specific function of thymus cells. 
Transplant Rev 1: 114, 1969 


TERASAKI, P.I. and McClelland, J.D.: Microdroplet assay of human 
serum cytotoxins. Nature 204: 998, 1964 


TERRES, G. and WOLINS, W.: Enhanced immunological sensitization of 
mice by simultaneous injection of antigen and specific antiserum. 
J Immunol 86: 361, 1961 


THOENES, G.H. and WHITE, E.: Enhancement-induced specific non-reac- 
tivity in experimental kidney transplantation. Transplantation 
5: 308, 1973 


THORBECKE, G.J. and BENACERRAF, B.: Tolerance in adult rabbits by 
repeated nonimmunogenic doses of bovine serum albumin. 
Immunology 13: 141, 1967 


TILL, J.E. and McCULLOCH, E.A.: A direct measurement of the radiation 
sensitivity of normal mouse bone marrow. Radiation Res 14: 
lame tO | 


TRENTIN, J.J. and JUDD, K.P.: Prevention of acute graft-versus-host 
mortality with spleen absorbed antithymocyte globulin. Transplant 
Proc 5 22.805 sx01.9/3 


TRIPLETT, E.L.: On the mechanism of immunologic self recognition. 
J Immunol 89: 505, 1962 


TURNER, R.W.A., SIMINOVITCH, L., McCULLOCH, E.A. and TILL, J.F.: 
Density gradient separation of hemopoietic colony forming cells. 
J Cell: Physiol 69: 73, 1967 


OMI JIJTHO2 bas 23.2 


Fy 
- 


; .* 

Ps a . “4 , 
oft no enoztnberq bas <(ds 
; 

' +} 7 


norreine! aes! 2a tape 


iy -.4.W .RAAMAC JIN bas 6 Quen T 


toettd 1 sotm nf 240396 stenabotts : 
fevomud bos wslulfeo eddy no enotsoatt — 
Qae! , Vee s€8 Sank 
| ce 
. ; ii mor i 1000 Ibi a) o H AOJVYAT 
) Norton oftioseae § rentmud!s muys2 ows oF 
eder bl :f vai snefqensit 
0.0 . basil: M bes .1.9 , DACAAR 1s 
ee :305 sxuten cLenhxotoov> murree . 7 
- - as © 
4 — 7 >it UW bas .o 2anaat 
- 1 it} “ 0 ‘ i> tiumte vd 99 fm 
foer .fa& :388 Tonunml b 
» 
‘> i 4 7 ; » 
- ni 3 «ST THM bans .4.0 .23Ha0HT 
: ibid Istwamiveqxe nt ydtvig * 
ever .B0E ef +. 
— 
. ' T & ,AAAASIANIS bas .4.0. IND IGM HT 
antvod to 2e2o0b ofnsponumminod ba Hager 7 
(oer Tet ET YO | OM unwaT 


nolsetbey of3 Yo Jnomowwessm Josv?b A :,A.3 HOOLKOSM, bins chil 
ref eaf notistbeh WOT EM ant seven fearon to ivisienee 


145 


UHR, J.W. and BAUMANN, J.B.: Antibody formation - the suppression of 
antibody formation by passively administered antibody. J Exp Med 
Ti35 935641961 . 


UHR, J.W. and MOLLER, E.: Regulatory effect of antibody on the immune 
response. Advances Immunol 8: 801, 1968 


VIZA, D.C., DEGANI, 0., DAUSSET, J. and DAVIES, D.A.L.: Lymphocyte 
stimulation by soluble human HL-A transplantation antigens. 
Nature 219: 704, 1968 


VOISIN, G.A., KINSKY, R.G. and MAILLARD, J.:° Zn: Advances in Transplan- 
tation. Edited by J. Dausset, J. Hamburger and G. Mathe. 
Copenhagen, Munksgaard, 1968. p 31 


VOSS, W.A.G., WARBY, C., RAJOTTE, R.V. and ASHWOOD-SMITH, M.H.: 
Microwave thawing of tissue culture cells. Cryobiology 
9: 562, 1972 


WARDEN, G.D., REEMTSMA, K. and STEINMULLER, D.: The phenomenon of 
adaptation: Graft or host? Transplant Proc 5: 635, 1973 


WEGMANN, T.G., HELLSTROM, I. and HELLSTROM. K.E.: Immunological 
tolerance: "Forbidden clones" allowed in tetraparental mice. 
Proc Nat] Acad Sci (USA) 68: 164, 1971 


WEINSTEIN, R.R.: Behavior of transplanted hearts in platyfish. Trans 
NY Acad Sci 22: 647, 1960 


WHITTINGHAM, D.G., LEIBO, S.P. and MAZUR, P.: Survival of mouse 
embryos frozen to -196° and-269°C. Biodynamica 7: 411, 1950 


WILLIAMS, G.M.: Ontogeny of the immune response. II. Correlation 
between the development of the afferent and efferent limbs. 
J Exp Med 124: 57, 1966 


WILLIAMS, G.M.: Transplantation. Surg Gynec & Obstet 136: 212, 1973 


WILSON, D.B. and NOWELL, P.C.: Quantitative studies on the mixed 
lymphocyte interaction in rats. IV. Immunologic potentiality 
of the responding cells. J Exp Med 131: 391, 1970 


to norzesiaque sdt = notzemo?t vbedtinA +,4,.0 ,MMAMUAS bas <M bs 


beM axi & .ybodting bavedetninbs yloveesa yd not mario} Mean 
SIAM ) ¥DO dfttns to g587?s yiotslupai Som 93.1.0 brs WG ay 
gaer ,fO8 :8 lorunnl esoneybA ‘DERDGED a 
styoodamyi :,.J.A.0 ,23IVA0 bas .t .TI22UA0 ,.0 .TWADSG ,.9.0 ASIY 


— 


[satpofonumel :.3,4 .MOST2JU3H bas .I .MOATZIISH ..8,T mom 
.ootm laphiseonied’ nt bewolls “zenols nebb td107" :sons slo? — 


eneit 


ensptins nolistnsSqeas1t A-JH nsturl ofdufoz vd tofrtslumtt2 - 


HM gHTIM2-COOWNZA bas .V¥.A .3TTOUAR ..J 


nonamonsiq ait +:.0 ,A3JJUMMIIT2 bas .4 -AMCTMSZA ,.0.8 as ; 


Bef. POS 2eTS swwien , a 

> 

nt 2eonsvbA :ni 3.6 ,ORALITAM bas’ .8.8 , YACHT , RCo Wie Vv 
.ojeM .3 bns “apwdmst .L .tszevel .b yd bettbd _norsag aw 
fe q ,80e!  bvsspednuM snenetanaan . 7 


=~ ? 

~ 
YARAW ..2. AW jae 
wolotdovx) .elleo ewituo suaets to “pn Peels sv swor3 tM ne 


ster ,Sde 2@ 


Ee ,2£3 22 2079 anaiqensi? S220d yo Jte40 inoksadabe 


= 


= 


(X@r ,88f 783° (A2U) to2 baoA fish cove 


.dettytslq of atvesd anieth sees” 7 olvsiies 7AM : 
f ,Whd 28S toe bead 


146 


WOOD, M.L., GOZZO, J.J., HEPPNER, G. and MONACO, A.P.: Cell-mediated 
immunity and serum blocking factor in tolerance produced in mice 
with antilymphocyte serum and bone marrow cell infusion. 
Transplant Proc 4: 383, 1972 


WOODRUFF, M.F. and SIMPSON, L.W.: Induction of tolerance to skin 
homografts in rats by injection of cells from the prospective 
donor soon after birth. Brit J Exp Path 36: 494, 1955 


WORTON, R.G., McCULLOCH, E.A. and TILL, J.E.: Physical separation 
of hemopoietic stem cells from cells forming colonies in culture. 
J Cell Physiol 74: 171, 1969 


WU, A.M., TILL, J.E., SIMINOVITCH, L. and McCULLOCH, E.A.: Cytological 
evidence for a relationship between normal hematopoietic colony 
forming cells and cells of the lymphoid system. J Exp Med 
127: 455, 1968 ; 


YUNG, L.L.L., DIENER, E., McPHERSON, T.A., BARTON, M.A. and HYDE, H.A.: 
Antigen-binding lymphocytes in normal man and guinea pig to 
human encephalitogenic protein. J Immunol 110: 1383, 1973 


YUNG, L.L.L., WYN-EVANS, T.C. and DIENER, E.: Ontogeny of the murine 
immune system: Development of antigen recognition and immune 
responsiveness. European J Immunol (in press), 1973 


ZOSCHKE, D.C. and BACH, F.H.: Specificity of allogeneic cell recognition 
by human lymphocytes in vitro. Science 172: 1380, 1971 


AOAMOM bos .2 ,AGMIIGH ,.0.0 .OSS00 ,. 5) 1 0008 
Tel i tofost pntdoold muis2 bas yFinumar 

>) worTam sod bas muvee styoodamvitins Asiw - 
Sv@r ,f8€ <8 3079 InsiqensyT 4 


- W.J .WOR9MI2 Bas .7.4 . Fa0RGOOM 


4 
2Ifso to nottoetnt vd etey at. aiterpomon- = = 


9 ax? tig Ajatd yet?s nooz 1oneb | = 


‘ 


| :.9.L , JIT be <A,2 .HOOJIUOOM ,.9.9 | WOTAOW 
) i . | tat 2f {sa movt 2ffso megve atistoqomed to 
esef , IVF sa foreydt ffs) G7 


Hobie .J .HOTIVOMIMIS ..3.0 \ JIT MOA Oe 
| n ims qgifanotseley 6 yt sonsbive i 
. steve brorlomy!l soft Yo afiso bas efleo parayor 
Bae [ ,ccr NSE 


Li 


4 q ij iv “al i ' 
: : “) gePia t , N29 SHIFT ** enan3 VY @e4adew 
: — > ae bl d s > . — 
nem f eorvot estyoodgayl onibatd-neprinA ~ 


wml & .ntstorg stasporrl siqeons nema ~ 


- 11g hee i 7 , ARAVA vy gadi dined 
if 7 : . i fir S tt tnamqolavsd mad eve onuom? 


_(zze7q nt) Tonumm!] & nesqow) .22enevienogest 
« . 


r 


nottinposey fleas stenspofls to ystotttoeq2 :.H.7 ,HOAd bas .3.0 SANDAL i 
ver ,OBEf <Stt ganet 22 ortay wr 26 sd yrodqmy f. nemaitl y 


&.. 


os _ we : 
‘eye: | 


Bp a i. : ‘ i 
a! - | i ies 148 
mm |, ; 
a) > CELLULAR IMMGUNETY I vier 
a : 
i>. ' : 
. Spleen cells. from CSA. @ice given either £1) single or multiple 
xf 
| Balb/c cardiec allografts: or (2) sinaie Flank skin crafts (Halb/c) were 
, 2. . ; 


ss 


ee for killer wat} tivity ustng the *4Cr release assay described 
ts Chapter it, Rasutts of ® typicel sertes of expertnents are dete? ied 

- : Yn Table 3 3. in vite cultura (96 tious) at 2nu108 CSA spleen ceils with. 

i PT Bae Balb/c mastocytom: belie. produced killer celts capable of pignifi- 


fee) cant °*'Cr release. aokin @lligcrefts produced:micti less cytotexic activ- 


«| . a ) 
ey,! aty When tested at various intervals following transnlantatien, and the 
ee ; | | 
a, in vitro effect of spleen cells harvested at var{ous intervals following 
a : cardiac a] Notransplantation _ APPENDIX I ! 
. The results were ace Haga (1972) using a aodificatts: 


9 


- Ld . 
ae, Of thé sheep erythrocyte inhib? tion technique of Hirane and Uyeki (7971 
iv S08: 
7), In this. assay the secondary in-vitro response of CBA spleen ceils to 
Ae : 
: es 


) Sheep erythrocytes can be inhibited by the addition of Balb/e cells 


eo, sensitized against. CBA alloantigens . CBA adult mice were primed three 
: ae ' ] ; % : 4 2 | het . 
Says prior to splenectomy hadley ml of ae a hes aie of eryth vi 


: 2 =o : a - 
at one behead Pre oe apie ni eg ag: hen cul ture 
he ae i ae 


f 5 ae 73 a 7o 


haieee . Tiel oF.) * ands 


L XLQKII9A 


148 


CELLULAR IMMUNITY ZW VITRO 


Spleen cells from CBA mice given either (1) single or multiple 
Balb/c cardiac allografts or (2) single flank skin grafts (Balb/c) were 
assessed for killer cell activity using the °!Cr release assay described 
in Chapter II. Results of a typical series of experiments are detailed 
in Table 9. Im vitro culture (96 hours) of 20x10® CBA spleen cells with 
5x10* Balb/c mastocytoma cells.produced killer cells capable of signifi- 
cant °!Cr release. Skin allografts produced much less cytotoxic activ- 
ity when tested at various intervals following transplantation, and the 
tn vitro effect of spleen cells harvested at various intervals following 
cardiac allotransplantation was minimal. 

The results were confirmed by Kraft (1972) using a modification 
of the sheep erythrocyte inhibition technique of Hirano and Uyeki (1971). 
In this assay the secondary in vitro response of CBA spleen cells to 
sheep erythrocytes can be inhibited by the addition of Balb/c cells 
sensitized against CBA alloantigens. CBA adult mice were primed three 
days prior to splenectomy with 0.1 ml of a 1% solution of erythrocytes 
injected intravenously. Primed CBA spleen cells were then cultured in 
vitro in the presence of 0.1 ml of 1% sheep erythrocytes and sensitized 
Balb/c spleen cells using a modified Marbrook (1967) culture technique. 
The total number of cells cultured per flask was 20x10® and the ratio 
of Balb/c:CBA spleen cells was either 1:1 or 1:4. Following incubation 
the antisheep red blood cell response was measured by counting the 


number of plaques using the Cunningham (1965) modification of the 
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Jerne-Nordin technique (1963). From these figures the degree of 
inhibition caused by the addition of sensitized Balb/c cells was 
determined. 

Kraft (1972) found that intravenous immunization of Balb/c 
mice with two injections of 20x10® CBA spleen cells 14 days apart 
sensitized the Balb/c spleen cells. Their addition to CBA spleen 
cultures responding to sheep erythrocytes was totally inhibitory. CBA 
allografts were transplanted heterotopically into Balb/c mice and the 
Balb/c spleen cells were harvested at intervals thereafter. Their 
addition to CBA spleen cultures responding to sheep erythrocytes did 
not significantly inhibit the tm vitro antisheep erythrocytes response 


at any period following allotransplantation. 
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- BY PHARMACOLBEIC. MEANS 
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IMMUNOCOMPETENT CELL DELETION 
BY PHARMACOLOGIC MEANS 


Bruce, Meeker et aZ (1966) found that rapidly proliferating 
lymphoma cells were more sensitive to certain anticancer drugs 
(5-fluorouracil, actinomycin D, cyclophosphamide) than normal hemato- 
poietic colony forming cells. They postulated that this differential 
sensitivity was due to the fact that, normally, stem cells were in a 
resting stage of the generation cycle and were not as susceptible to 
anticancer drugs as proliferating cells. This suggested that anticancer 
agents might be used either itn vivo or in vitro to selectively deplete 
immunocompetent cells, while maintaining stem cell activity. The 
specific depletion of stimulated immunocompetent cells after BuDR 
exposure noted by Zoschke and Bach (1971) supported this contention. 

A number of experiments were done in order to test this hypo- 
thesis. 50x10© irradiated (1200R) CBA spleen cells in Leibowitz solu- 
tion were injected intravenously into normal male Balb/c mice, age 
6-8 weeks. At various intervals thereafter the Balb/c mice were given 
1-2 mgm 5 fluorouracil (5FU) intraperitoneally. This would, in theory, 
remove the Balb/c cells proliferating in response to CBA alloantigens. 
There were three groups of controls to each experiment: one group of 
Balb/c mice received cells but no 5FU, a second group received 5FU alone 
and a third group received neither cells nor 5FU. Spleen cells were 
harvested from Balb/c mice at various intervals and 20x10® cells were 


injected intravenously into (CBAxBalb/c)F, mice (males, age 8 weeks). 
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The activity of the injected Balb/c spleen cells was then determined 
for each group of five F; animals by spleen wt/body wt ratios eight 
days following injection (Cohen, Fischbach et aZ, 1970). 

As expected, stimulation of Balb/c mice with a large number of 
CBA cells (irradiated so they could not respond) plus subsequent in vivo 
treatment with 5FU could deplete cells active in the graft-versus-host 
response in F, mice. Figure 27 details one such experiment. The allo- 
antigen reactivity of spleen cells from animals which received an 
initial injection of the antigen plus 2 mgm 5FU at 72, 96 and 120 hours 
and were harvested at 120 hours was markedly less than that of control 
groups. This depletion of immunocompetent cells was highly repeatable 
and the spleen wt/body wt ratio of the test group of animals does not 
significantly differ from that of normal (noninjected) (CBAxBalb/c)F, 
mice. When Balb/c spleen cells from test groups were tested to deter- 
mine whether they retained stem cell activity, however, this had dropped 
precipitously. Using the colony forming assay of Till and McCulloch 
(1961) an injection of 1.5x10® normal Balb/c spleen cells into eight 
irradiated syngeneic recipients (900R) invariably gave rise to 15-30 
splenic colonies per mouse ten days thereafter. Spleen cells from 
animals wich had received even a single injection of 2 mgm 5FU with 
harvest 24-96 hours thereafter gave rise to no colonies or the occas- 
ional single colony per mouse in irradiated recipients.t 
Dropping the dose of 5FU administered tenfold was necessary to retain 
demonstrable stem cell activity following a single injection. These 
quantities of 5FU were ineffective in reducing the graft-versus-host 


tgroups of 8 animals were injected with 1.5x10° syngeneic spleen cells 
from both control (normal) and 5FU treated mice. 
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Immunocompetent cell depletion by pharmacologic means. 
Balb/c mice were given an intravenous injection of 
50x10© CBA spleen cells (1200R) and subsequent 5 fluoro- 
uracil intraperitoneal injection. 


Group A - CBA cells + 2 mgm 5 fluorouracil IP at 
72, 96, 120 hours 


Group B - CBA cells alone 
Group C - 2 mgm 5 fluorouracil IP at 72, 96, 120 hours 
Group D - no cells, no 5 fluorouracil 


Spleen cells from each group harvested at 144 hours. 
20x10© cells injected into (CBAxBalb/c)F, mice (5 mice 
per group). Spleen/body weight ratios determined 

8 days thereafter, 
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competence of stimulated spleen cells. From these results it was 
reasoned that the very large amounts of 5FU required were due to the 
fact that relevant immunocompetent cells stimulated by antigen were 
variable in their time and rate of response to alloantigen (i.e. asyn- 
chronous) and required prolonged exposure to a cytotoxic agent for 
effective removal. This exposure was sufficient to deplete splenic 
stem cell activity. Because of the stem cell toxicity of 5FU treat- 
ment, this approach was considered ineffective in specific deletion 


of immunocompetent cells. 
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SURVIVAL OF ELECTRICAL ACTIVITY OF DEEP FROZEN 
FETAL MOUSE HEARTS AFTER MICROWAVE THAWING 


Long-term preservation of organs is likely only to be achieved 
in the frozen state. Certain multicellular structures have already been 
successfully preserved after freezing. Thus, chick embryo heart prim- 
ordia were successfully frozen for short periods and recovered from 
liquid nitrogen by Gonzales and Luyet in 1950 using ethylene glycol (EG) 
as a cryoprotective agent. Whittingham, Leibo et aZ (1972) froze 2-8 
cell mouse embryos to -196°C and -269°C at slow cooling rates (0.3 to 
2°C/min) and then thawed them slowly at rates of 4° to 25°C/min, with 
subsequent survival of 50-70% of 2500 such embryos developing into blas- 
tocytes on culture. When these were placed in pseudo pregnant mothers 
65% became implanted as pregnancies, and of these over 40% became fetuses 
or went to term. Dimethylsulfoxide (DMSO), at IM concentration, was 
about twice as effective as an equal concentration of glycerol. There 
was an optimum cooling rate and a probable need for slow as well as 
controlled thawing rates. 

Supercooled amphibian hearts have resumed beating (Smith, 1957, 
1965; Karow, 1969; Barner, 1968; Childs and Lower, 1969), but prior to 
the work of Offerijns and Krijnen in 1972 and Rapatz in 1970, attempts 
to freeze adult mammalian hearts had met with little success. A 
detailed review of the subject has been given by Luyet (1971). 

Rapatz (1970) obtained partial resumption of activity in all 
parts of adult frog hearts after freezing to below -55°C, using 


ethylene glycol as a cryoprotective agent. Electron microscope exam- 
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ination of ice crystals in the tissues showed the extent to which 
ethylene glycol had penetrated the thick-walled ventricle compared with 
the thinner atria and sinus venosus, using two different freezing 
methods. In the first, hearts were immersed in gradually increasing 
concentrations of EG to 11 Molar while the tissue was cooled, step-wise, 
to -55°C. Some hearts were then immersed in liquid nitrogen for five 
minutes and then returned to 11M EG at -55°C. In the second and more 
successful method, which also involved step-wise decreases in tempera- 
ture and increases in EG concentration, hearts were also perfused with 
frog Ringer's solution at various steps both in cooling to -55°C and 
during rewarming. Without Ringer's perfusion, sino=atrial node activ- 
ity resumed in 90% but normal atrial activity resumed in only 35%; 

with Ringer's perfusion, spontaneous ventricular contractions also 
returned. 

Offerijns and Krijnen (1972) added DMSO to perfusate of 
isolated adult rat hearts. Reversible disturbances in atrioventricular 
conduction occurred at normal temperatures with DMSO concentrations 
below 2.8M or even up to 3.5M (25% w/v) if DMSO concentration was 
increased slowly. With super-cooling to temperatures not below -18°C, 
all hearts survived in 2.1M DMSO. With freezing to -30°C, young rat 
hearts (10-16 days old) also recovered, but older hearts did not, 
possibly because of less tolerance of adult hearts to high concentra- 
tions of extracellular NaCl. 

This communication reports our* experience with freezing of the 


fully differentiated fetal heart of the mouse, which can be reimplanted 


*Work done in conjunction with Mr. R. Rajotte, Electrical Engineering 
Department, The University of Alberta. 
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in the ear of an adult syngeneic mouse and studied electrically over 

a long period of time. Microwave energy (25 2450 MHz) was used as one 
method of thawing, a method which provides uniform heating of the 
medium in which hearts were frozen, at a rate that can be controlled. 
This thawing technique may well be essential for larger organs, as it 
may be the only way to achieve uniformity of heating. 

Seventeen to 19 day embryos were removed from the mother 
(Jirsch, Kraft et aZ, 1973) and their hearts placed in prechilled Cross 
solution (Cross and Taggart, 1949), Eagle's minimum essential medium 
(MEM) or in McCoy's 5a medium (the latter two also containing Hepes 
‘buffer and, in most groups, 10% fetal calf serum). Over a period of 
20 minutes, increasing amounts of DMSO, DMSO with pluronic and fluoro- 
carbon (FC47), or glycerol were then gradually added to give the final 
concentrations which are listed for the various groups in Table 10. 
Each heart, in 5 ml of solution (Table 10) was placed in a glass bottle 
and placed in a prechilled freezing unit (Linde BF-4-1). The freezing 
rate was at 0.5 to 0.7°C/min, controlled by differential thermocouples, 
down to -100°C. The samples were then placed in the vapour of liquid 
nitrogen and cooled at 5-10°C/min down to -196°C and stored for 72- 

216 hours at this temperature before being rewarmed. 

Frozen hearts were rewarmed either by being simply placed ina 
water bath raising the temperature to 25°C at a_ rate of 100°C/min or 
a microwave system, similar to that recently reported for thawing 
tissue culture cells at different rates (Voss, Warby et al, 1973). In 


this system frozen samples are rotated horizontally on a teflon arm 
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Solution A - Cross Solution, 10% DMSO 

Solution B - MEM (Eagle) with Hepes Buffer, 10% FCS, 10% DMSO 

Solution C - MEM (Eagle) with Hepes Buffer, 10% DMSO, 1% pluronic, 
20% Fluorocarbon (FC47) 

Solution D - McCoy 5a Medium with Hepes, 10% FCS, 10% DMSO 

Solution E - McCoy 5a Medium with Hepes, 10% FCS, 10% Glycerol 


TABLE 10 - Solutions in which hearts were frozen. 
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attached to a shaft which is moving up and down vertically, movement in 
each plane being powered by motors external to the cavity. The cavity 
is fed by means of a stripline radiator from a 2450 MHz magnetron, the 
power output of which can be varied from 0.4 to 2.0 kw. The cubic 
cavity is designed to resonate in a large number of modes (James, Tinga 
et al, 1968). To protect the magnetron, energy not used to warm the 
samples is absorbed by four beakers of water placed in the corners of 
the cavity. Heating rates for any frozen sample can be varied by 
changing the level of power input, the amount of water in the beakers 
and the degree of coupling from the magnetron to the cavity. 

Although a high percentage of the energy is reflected back to 
the magnetron, the technique provides a useful method for uniform 
heating of samples of different shapes and sizes. Heating rates of 
200°C/min were used to thaw the hearts from -196°C to 10°C+10°C. 
Following thawing, the embryonic hearts were reimplanted directly into 
the ear of the recipient mouse (Jirsch, Kraft et al, 1973). DMSO was 
not removed before reimplantation as it was felt that this concentration 
would not harm the tissue. 

Heart survival, following reimplantation, was detected, and then 
monitored, by electrocardiograms (Jirsch, Kraft et al, 1973) on various 
occasions from day 5 up to day 35 as shown in Table 11. 

The results of Table 11 show that Cross solution with 10% DMSO 
(solution A) and McCoy's solution with 10% glycerol (Solution E) were 
ineffective in preservation of electrical activity under the other 


conditions of these experiments. Similar conclusions can probably be 


inanavem .¥ifeolivev awob bas qu patvom 2t dotdw Stade = of Bedossze ‘ 
69 oT  ytives sdf af fenvetxe etotom vd bavewoq pated snseiq 69 = 
novtsapem shM O&M 6 mov) sosetbsy satiqivse & 10 ensem ye Oa? ates 
“iT vel OS of 8.0 mov? bsivev sd measotiw Yo tuqzie 190g 

sbom Yo yadmn sovsl 6 af afsnazst oF benpfasb af YPRvEas = 

ovens ,fotfenpem sat TIs7o01W OT .(gaet (is te 5 

rojow to 2vadsed ‘wot Yd Dadoeds 2f eslquga: : 

NSsOvTt WVOS TOT eosén piti sok tives ot J 

iatsw to Sovoma att ,Juqnt tawoq To Tsvsl sng on Foniarta: : 

itt of sovtonpem adt mort pati ques Yo sexpsb she BRms 


botoeltst yorsas sf? to opsinesisq dpid 6 Apvods ia Le ; 
‘ g 


ijon [uteeu 6 eebivesa supiadosd end ,noveenpam ord 

ns zaqsd2 Jnsiettib to 2zofaquse Yo onttsed 

y°Of42°OF of O°30T+ mov? etvsed od? wed? of boy ovew aim\O°ORR ae 

amis svaw 237sed sinoyydne edd .ontwand ontwo to? 

esw UMC 'f (Jn ow 7764% ,do2vil) sevow gnotgines sf? to 168 SEF : r 
nobievinsonoo etd? 1649 t!ot zew tt 26 nottadnsiqnisy eiotsd bovomsy jon - 
.suzety sit .mist 3d0 bivow 7 

ned bns ,betaeteb 2aw ,nofieins! quiet on twolfot _teviwwe dost 
tvotrav no (EC@T in austen ytaertt) mmengotbresort2el9 yd sbero? foam! 
_ Ae 7 ls a Ra ee sill 


A é 
ara 5) Ripe. 


» 


162 


Jayz La pue 


*BulLzaou, 


*BuLmeyz? YZequazeM AO BACMOUD LU 


©SOUNZXLW PLNLJ SNOLUBA UL UOLSUSUWL U9ZJe SZUBLdLOaU DLeUabUAS OQUL ped 


-ueldsueu} 4am szjeubh queay “elwuayzodAy daap uazse APLALZOR LeOLUZIALa DeLtpued Jo uOLZdwNsay -|{| J4TGVL 


LeALAUNS abezZUadUad palood % 


pazue,dsueu} uayz pue pameyz pue uazous Sszueay JO uaquiny 


Aq paplAtp AZLALZOR Ledtuzoay_a HurAeydsip adiw Jo uaqunyn + 


BULWAeM YZeq4s2eM -gM 

BULWARM SAPMOUDLW -MW 
Jo96L- Fe (SUNOY) pa10zs SWLL -4 
"L alqey, vas Spin, J uoLlsuouwy -, 


0 s/0 of S/0BO= sO aM Zl Vv Z 

0 s/0 O= §/0 20 . SO MW a v L 
9/€ 912 "al 
C2 ecfe 9 “ce 8 03 G/e aM 2/ d 01 

e/€ 912 st 

g/€ 9/€ 9/t g 

O0L pyp 94 bry 9 bly 08  e/r Eo #..4/0 an ol d y 
8/9 8/b n 

eomeciie "eS “clm Ss Sci/a Go <i/ee cs til, Cleo MW 21 q G 
9/b 9/b 9/b 9/b 9/2 

a een Te ee ee gee ee Bee ee ee a jpoure +51 +41 nosy 
82< G2-12 02-91 S[-L1 01-9 G-¢ uLMeuL /29 WW 

shkeq shkeq skeq sheq skeq skeq 


AYLALZOY [291439919 


SE A SS SP 2 


2 . 
ys Dats PoP. Sa Ae-ver rer rererencrme Saeed 


JS 


_ 


a. 


“tt 


— 
Bis 


HEA feats: 


ava0 eved 
4 ( 
oS-af ai-fi 
eS Pk oe BL 
a ¥ » 
a a | < ti \S 
f + 
A 
! i 
j 


a oa 


163 


made from the single group of hearts treated with MEM, Hepes, 10% DMSO, 
1% pluronic and 20% fluorocarbon (FC47), (solution C). However, solu- 
tions B and D, both of which contain 10% FCS, 10% DMSO and Hepes buffer, 
in either MEM or McCoy's 5a medium have preserved electrical activity. 
It is with these two solutions, then, that comparison is made of the 
relative merits of the two methods used for thawing. The probable 
superiority of the microwave system over water bath immersion is shown 
by the earlier return of electrical activity in experimental group 3 
compared to group 4, and the higher proportion that survived up to 20 
days in experimental groups 7, 9 and 13 compared with 8, 10 and 14, 
although two hearts of group 7 ceased beating after day 28, and there 
was a very late recovery of one heart in group 8. Survival after 
freezing in solutions B or D, compared favourably with that obtained 
from transplanted embryonic hearts which were not frozen (Jirsch, 
Kraft et al, 1973). Some hearts have survived for several months. 
Embryonic hearts at day 17-19 can withstand freezing and resume 
beating after thawing. The above system permits the testing of various 


protective agents and different freezing and thawing rates. 
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